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PREFACE 


Modern Dairy Cattle Management is designed to present the funda- 
mental aspects of the dairy industry, and the most effective techniques 
of feeding and management of dairy cattle, as established by research 
mformation Nutritive requirements, physiological functions and eco- 
nomic factors are covered in sufficient detail to provide a sound basis 
for the management practices which are recommended in each of these 
areas 

Drastic changes in the management of dairy cattle will be necessary 
as adaptations are made for increased efficiency in food production to 
supply our expanding population The basic information provided in this 
booh IS intended to serve as a foundation on which sound management 
decisions may be made by the practicing dairyman, and a clear under- 
standing of current practices and problems developed by the student 
Milk secretion and the factors affectmg it are given a prominent lo 
cation early in the book, since this is the primary function of the dairy 
cow The chapters which follow include information on the effect of the 
many aspects of management, housing, and disease upon milk produc- 
tion, and upon the growth and development of dairy cattle The pure 
bred business, which is an important aspect of the dairy industry, is also 
given consideration f 

The chapter on marketing is considered important because, while it 
is not a factor of management, an understanding of marketing condi- 
tions IS an essential part of any production enterprise 
The references given at the end of each chapter are intended as an 
entry into the literature which may be perused further by those inter- 
ested They list recent or particularly important papers concemmg the 
subjects involved Questions on each chapter, included at the end of 
the book, may be useful as an aid to study or instruction 
Thanks are expressed to all the people who have made helpful sug- 
gestions concerning this ork 

Appreciation is due John A Sims for his constructive comments and 
reading of the manuscript The assistance given by Dr Norman L Jacob 
son and Dr A E Freeman in reviewing parts of the manuscript is 
appreciated 

Special appreciation is given my \Mfe, Carolyn T Davis, for her typ- 
ing of the manuscript, preparation of line drawings, and general as 
sistance 
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DAIRYING is the largest single enterprise in American agricR^lture. 
Approximately 15 per cent of the gross income of our farmers is from 
the sale of milk. Dairy products also account for approximately 3^ P®' 
cent of the food purchases made by the American housewife. With 
these purchases she obtains food of outstanding nutritional qualit/ ^ 
very economical price. Indeed, because of the excellent food 
milk and its products and their widespread use, the dairy cow has been 
called “the foster mother of the human race.” 

Producing milk is a dynamic and rapidly changing industry, pres^^^^^S 
many challenges and opportunities to those engaged in it. The folIP^'^^S 
background is provided as an aid to understanding the develo}^™®”^ 
and present position of dairying in our economy and society. 


HISTORY OF DAIRYING 

Cattle have played a key role throughout the development of western 
civilization. An entire book could be devoted to the interesting st®W 
the part they have played in the past. A brief summary is presented here. 

Early History to the Discovery of America 

Dairy cattle were apparently domesticated and used by mart long 
before recorded history. Drawings of cows and of men milking them 
have been found among the relics of civilization that grew up abound 
the Mediterranean Sea as early as 3,000 years before Christ. Cattle were 
also an important part of the life of the Swiss Lake Dwellers, accP^’ding 
to relics found in their ruins. 

There are many references to cattle and to milk and its products in 
the Old Testament of the Bible. Cattle have been utilized for mei^t nnd 
milk, as well as for work animals, throughout the development of nian. 
In Ancient Rome the keeping of cattle was a well-developed art» 
one of our first type standards for dairj' cattle is found in writiri6® 
Varro in the first century B.C., which were as follows: [Cows should he] 
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2 Dairy Cattle in Modem Agriculture 

“well made, sound, long and deep bodi^, with long horns, broad fore- 
head, large black eyes, hairy ears, close set jaws, fiat noses, with the back 
gently sloping do\vnwards from broad high shoulders, wide nostrils, 
black muzzles, thick long necks, dewlaps hanging from the throat, a 
wide body well ribbed, a good rump, with tails hanging down to their 
heels and the lower parts well covert with hair, legs rather short, 
straight knees wide apart and large, the feet not broad nor sounding as 
they go, the two parts of the hoof not spreading far apart, the different 
hoofs of the same size and small, the hide not rough nor hard to touch. 
In color black is preferable, the next red, the third pale, and the fourth 
white.” 

\VhiIe different from present concepts, the foregoing is as detailed 
as some of our current standards of excellence for dairy cattle. 

Although cattle have been kept for centuries, it has been only in 
modem times that tremendous progress in developing the dairy indus- 
try has occurred. 

The breeds which are predominant in America all originated in 
Europe and Great Britain. These cattle are referred to as Bos typicus, 
in contrast to Bos indicus, which is the name given the humped cattle of 
India and the Far East. A more detailed discussion of the origin of each 
of the breeds will be found in Chapter 12, “The Purebred Business.” 

At the time of the discovery of America, dairy cattle were an im- 
portant part of the agriculture and life of the people in England and 
Western Europe. 

Dairy Cattle in America 

There were no cattle in North America when Columbus arrived in 
1492. In many instances, the first settlers did not bring cattle wlh them, 
and cows were among the first and most urgent requests made by 
colonists to their home ports. 

Most of the early imports were of mixed breeding. It was not until 
about the middle of the nineteenth century that the cattle which were 
the foundation of our present-day breeds were brought to this country 
and maintained as purebreds. Throughout the colonial period and until 
past the middle of the nineteenth century, dairying was limited to rela- 
tively small herds cared for by family labor. Management practices were 
at a level which we would consider poor today. The perishable nature 
of milk and the difficulty in transporting it made large-scale dairy opera- 
tions impractical. 

Probably the first examples of accumulating milk for manufacturing 
purposes were the co-operative efforts of neighboring farm families in 
pooling mUk to make cheese. This was brought about by the relatively 
large amount of milk required in making satisfactory cheddar-type 
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cheese. For many years, butter malcing was done on the farm where the 
milk was produced. 

Starting shortly after 1850, there were a number of significant de- 
velopments and inventions which made possible the dairy industry as 
we know it today. These include the development of condensed milk by 
Borden, in 1856, the invention of the centrifugal cream separator, in 
1878, the development of the Babcock test for fat, and the adaptation 
of pasteurization to milk. Mechanical refrigeration, homogenization, and 
modern packaging and transportation were also important. 


MILK PRODUCTION IN THE UNITED STATES 

A study of the number of cows kept for milk, and their production, 
over the last several years reveals interesting trends. Some of these are 
shown in Figures 1.1, 1.2, and 1.3. The number of milk cows reached 
a peak of nearly 26 million in 1944, near the end of World War II. Since 
that time there has been a constant decline, to just over 19 million in 
1960. Early in this period of declining cow population there was also 
a decline in total milk production, reflecting a decreased demand fol- 
lowing World War II. Starting in 1952, however, there was a consistent 
increase in total milk production, which leveled off and showed a slight 
drop in 1959-1960 with production at about 124,500,000,000 pounds. 

Probably the most significant trend, as far as the future of the in- 
dustry is concerned, is the consistent increase in average production per 
cow since 1935, as indicated in Figure 1.3. All present indications point 
to a continuation of this trend. 



Figure 1.1. Numbers of producing dairy cows owned In the 
United States in June of selected years 



4 


DBiry Cattle m Modem Agriculture 



Figure 1.2. Trends in total milk production In the United 
Slotes. 



Figure 1 3 Average milk production per cow in the United 
Stotes in selected years 

\Vhile milk is produced in every state in the Union, there are un- 
portant regional difFerences in the inlenssty of the industry. These are 
largely the result of differences m climate, land, and available feeds, 
which make certain areas better adapted to milk production. Figures 
1.4, 1.5, and 1.6 contain information on the intensity of dairying in dtSer- 
ent regions of the country. 

In addition to climate, land, and feed, population centers providing 
a large market have been a factor in determinmg the intensity of dairy- 
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Figure 1.4. Numbers of producing cows in the United Stotes by region (1960). 
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Figure U. Average onnuel mUk production per cow by region in the United 

Stotef (IM«. 



figure MSik production by region* fn the United State*. 
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ing in different areas. There has been much more intensive dairying in 
the northern half of the country. Generally, dairy cattle perform better 
and require less special care in areas where there are few days warmer 
than 85° F. Certain areas have developed a very intensive dairy industry, 
with herds of several hundreds of cows, serving big population centers. 
For example, California and Florida are areas where this type of dairying 
exists. 

There are states within the regions indicated where dairying is par- 
ticularly important or intensive. The states with the most cows are 
Wisconsin, Minnesota, New York, Pennsylvania, and California. These 
states also lead in total milk produetion. 

Some smaller states have an equally intensive dairy industry but, 
because of their size, do not have as large a total cow population. In- 
tensity of dairy management, as indicated by average annual produc- 
tion per cow, shows a somewhat different pattern. The leading states 
in production per cow are California, New Jersey, Rhode Island, Wis- 
consin, and Massachusetts. Some of the factors responsible for the lo- 
cation of intensive areas of dairying are covered more fully in other 
sections of this book. 


MILK AS A FOOD 


American Food Habits Concerning Milk 


Most people like milk. It is well accepted by people of all ages and 
is nearly indispensable in the diet of children. These facts combine to 
give milk a prominent place in the American diet. Indeed, approximately 
30 per cent of the animal protein in our diet is from milk or other dairy 
products. Table 1.1 contains information on the consumption of dairy 
products in areas of the world. 


TABLE 1.1. PER CAPITA CONSUMPTION OF DAIRY PRODUCTS IN 
SELECTED COUNTRIES.* 


Consumption fn fiuid 
inilk equivalent** 


Country lbs 

Ireland 1,534 

New Zealand 1,428 

Finland 1,360 

Australia 1,023 

Sweden 1,013 

Canada 1,012 

Switzerland 980 

Belgium 975 


Consumption in fluid 
milk equivalent 


Country lbs 

Norway 899 

Denmark 842 

United Kingdom 764 

France 721 

United States 707 

Germany, Republic 704 

Netherlands 668 

Austria 655 


H'eMlshls, Nammal MBIc Producers Fcderalion, 19S9 
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In this country there has been a trend toward a smaller consumption 
of dairy products per capita. Most of this decrease is accounted for by 
the amount of butter eaten. ^Ve are consuming nearly 700 pounds of 
milk, or the equivalent, per person each year. The consumption of 
cheese and dry non-fat milk is increasing, while the use of ev’aporated 
milk is on the wane. 

Tremendous challenges are presented to the dairy industry by the 
competition of other foods for a place in the American diet The pos- 
sibilities for increasing consumption of dairy products are indicated by 
the amounts eaten by people in some countries, as shown in Table 1.1. 


Nutrient Content of Milk 


It has been recognized for many years that milk supplies many of the 
high-qualit>' nutrients needed by man. Energy, protein, fat, minerals, 
and vitamins, all essential in our diet, are abundant in milk. 

A quart of milk of average composition will provide the amounts and 
percentages of the recommended allowances shown in Table 1-2. The 
National Research Council recommends the amounts of selected nutrients 
listed in Table 1.3 for the daily allowance of human beings. 

The outstanding nutrient contributions in milk are Its protein and 
minerals. Many of the specific basic units of protein (amino acids) must 


TABLE 1.2.* NUTRIEM' CO.VTENT OF OSE QUART OF MILK AND 
PROPORTION OF DAILY RECOMMENDED ALLOWANCE »> FOR AN 
AVERAGE 25-YEAB-OLD MAN. 


Water 

Per 

Cent 

87 


Energy 

Per Cent 
Calories of Allow. 


Protein Fat 

Per Cent 

Gms ofAHow. (Cms.) 


660 20 


50 


40 


Sugar 

(Gms.) 

48 


Cttlaum 
Percent 
Gms. of AHow 

1 1004- 


Iron 

Per Cent 
Mg of Allow 

OA 05 


Vftamfn A 
Per Cent 
I.U. of Allow. 

1560 30 


Thiamine 
Percent 
Mg. of ADow 

52 20 


JUboflatin 
Per Cent 
Xfg. of Allow. 


Niacin 
Per Cent 
Mg. of AHow. 


1 6 90 05 33 


Ascorbic Asid 
Per Cent 
Mg. of Allow. 

6 10 


• Taken, or calcula t ed from National Research Counefl Recommended Daily Dietary 
ABowaoce. Revised 19^, and “Nutnents in Common Foods," Food, The Yearbook 
of Agncultuie, 1939 

b\\'heie percentage of allowance u not Indicated, recommended allowances are not 
as'aOable. 
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“ From; Food and Nutntion Board, National Academy of Science, National Besearch Council. Foods, The Yearbook of Agriculture 1950. 

*» Allowances are not given for protein during infancy, but intakes of 1.5 grams of protein for each pound of body weight are ample for 
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be supplied .n the diet ot man \Vh.le they are availahle m vegeta^ 
protein?, several different sources are usually needed to 
m the proper proportions Milk and other animal proteins (such as 
eggs and meat) are the best sources of balanced protein 
Not only is the protein of milk and by products highly adapted to 
human nutrition, but protein from milk is usually cheaper than from 
Other sources Cottage cheese and non fat dry milk are the least e 
pensive sources of animal protein available to us 

Calcium and phosphorus are important for the growth and inam 
tenance of bones and teeth as well as for proper body metabolic M i k 
supplies these minerals in generous quanliUes m the most desirable 
proportion and m a form readily available to the body 
Normal milk from cows that have received adequate amounts ot 
carotene (Vitamin A) can supply most of this nutrient Vitamin D is 
frequently added to milk in the processing plant Since \itamm C soon 
disappears from milk in usual handling procedures, it must be supplied 
from other sources Some minerals including iron and copper, are 
needed, particularly during growth in amounts greater than those foun 
m milk. 

The by products of milk contain different fractions of the nutnenis 
of the original product Table 1 4 contains information on the nutnent 
contributions of all the usual items made from milk. 

Feeding Our Growing Population 

The problem of greatest concern to those who must plan for the 
future IS our rapidly expanding population Medical science has made 
possible a much greater average life span The present rate of popula 
tion growth is greater than at any time in history There is no indication 
that It will slow down m the foreseeable future Many times it has been 
predicted that mans need for food will increase much faster than his 
abihty to produce it, and that starvation will limit the population 
While this appears to be a problem in some areas food production in 
the “Western” world has kept ahead of population demands How long 
this will contmue is unknown 

If full use IS made of present technology, a much higher rate of food 
production can be achieved. New technology is being developed at a 
rapid rate and it appears that our food suppbes will be adequate for 
many years However, we have reached the point where land available 
for food production can no longer be greatly expanded We may 
reasonably ask where does dairying fit m such a picture? 
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BASIS FOR A CONTINUING DAIRY INDUSTRY 

There are large land areas in the United States which will produce 
abundant crops of forages but are poorly adapted for grains or other 
foods that man can use directly Dairy cattle and other rummants have 
the ability to utilize these roughage materials and to convert them to 
high quality human food A large and increasing portion of research in 
anunal agriculture is devoted to increasing the eflBciency of utilization 
of forages by ruminants 

Milk production is one of the most efficient processes we have m con- 
verting plant materials into animal food products for humans Smce 
it will always be highly important to provide a palatable, well balanced 
diet for our population, it appears that dairy products will continue to 
make up a large portion of our food for some time to come We can, 
however, expect drastic changes from present practices in dairy man- 
agement, and we must be ready to develop the most efficient production 
programs possible, based upon the physiology of the dairy cow 

New and Useful Dairy Products 

Perhaps the most difficult problem m handling and processing dairy 
products IS their highly perishable nature Many of the products de- 
veloped have resulted from attempts to prolong storage life Evaporated 
milk, condensed milk, milk powder, and cheeses all have a prolonged 
storage life Intensive research attempts are being made to provide 
products with the characteristics of fresh milk but with a longer storage 
life Sterile milk and concentrated milks are receiving the most atten 
tion Undoubtedly we shall see the development of one or more of these 
products as a major factor in our marketing system Lower transportation 
costs, as well as longer storage life, will be an advantage of these 
products 

Dairy Cattle as a Source of Meat 

In addition to milk, the dairy mdustry supplies approximately 35 per 
cent of the beef consumed in this country This fakes the form of veal 
and cull dairy cows and bulls, as well as limited numbers of well fed 
heifers and steers Much of the meat from older animals finds its way 
into manufactured products The demand for processed meats has in 
creased tremendously in recent years, with a narrower spread in price 
betw een good quality beef breeds and cull dairy cows New methods 
of handling and processing meats have contributed to this demand It 
appears that further advances in meat-processing techniques will en- 
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TABLE 1.4. NUminVE CO.VTENT Or DAIBY 


Food 

Amount 

Water 
(Per Cent) 

Energy 

(Calories) 

Protein 

(Crams) 

Fat 

(Grams ) 

Sugar 

(Crams) 

Skim milk 

1 qt. 

00 

360 

30 

Trace 

52 

Buttermilk 

1 qt. 

00 

360 

30 

Trace 

52 

Lvaporated (un* 

diluted ) 

1 cun 

74 

3^15 

15 

20 

2-1 

Condensed Sweetened 
(undiluted) 1 cun 

20 

OSS 

25 

25 

170 

Dry MTiole 

1 cup 

2 

SIS 

27 

28 

39 

Dry non-fat 

1 cup 

3 

290 

20 

1 

29 

42 

Half snd half 

1 cun 

80 

330 

8 

11 

Cheese 

Cheddar or 

American 

1 m. 

30 

ns 

7 

0 

1 

1 

Cottage, 


TO 

25 

5 

Trace 

Skim milk 
Creamed 

1 02. 

1 02. 

78 

30 

4 

1 

1 

Ice Cream 

u nt. 

62 

163 

3 

10 

17 

Ice Millc 

1 cup 

67 

285 

0 

JO 

42 

Butter 

I t»p. 

10 

100 

Trace 

11 

Trace 


• From Feoir, The Yearbook of Agriculture, 1959 
^Year-round average. 

banco the usefulness of meat from dalr>’ anim.Ms. The potential for 
feeding and fattening cull dairy bulls or steers for meat is fust beginning 
to be studied. 

All of the factors mentioned in this section indicate that tho dairy 
industry will have an important place in our economy for a long time 
to come. 


ECONOMIC STATUS OF THE DAIRY INDUSTRY 

A high capital investment is required for milk production. In the 
heavily populated areas of the country. If most of the feed is grown on 
the farm, the investment may be as high as 52,000 per cow. In addition, 
a high degree of training and skill is necessary for the management of 
a successful dairy operation These factors combine to make dairying 
one of the most stable of agricultural enterprises, since frequent or 
sudden moves into or out of dairying are difficult. Also, demand for milk 
and dauy products by consumers is rather constant, and this fact adds 
to the stability of dairying. 

Excellent financial returns for management and labor are available 
from the dairy industry in units where there is efficient management. 
Because of the relatively high fixed costs involved, production levels 
must be maintained well above the present national average in order 
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PRODUCTS OTHER THAN MILK * 


Calcium 

Iron 

Vitamin A 

Thiamine 

Riboflavin 

Niacin 

Ascorbic Acid 

(Mg.) 

(Mg.) 

{Value I.U.) 

(Mg.) 

(Mg.) 

(Mg.) 

(Mg.) 

1,190 

0.4 

40 

0.4 

1.8 

0.8 

8 

1,190 

0.4 

40 

0.4 

1.8 

0.8 

8 

635 

0.3 

820 

0.1 

0.8 

0.5 

3 

S29 

0.3 

1.020 

0.2 

1.2 

0.5 

3 

968 

05 

1,160 

0.3 

1.5 

0.7 

6 

1,040 

0.5 

20 

0.3 

1.4 

0.7 

6 

259 

0.1 

1,190 

0.1 

0.4 

0.1 

2 

221 

0.3 

380 

0.01 

0.1 

Trace 

0 

26 

0.1 

Trace 

0.01 

0.08 

Trace 

0 

25 

0,1 

50 


0 08 

Trace 

0 

100 

01 

420 

0.03 

0.15 

0.1 

1 

292 

0.2 

420 

0.09 

0.41 

0.2 

2 

3 

0.0 

460 b 

— 

— 

— 

0 


to provide a reasonable income. Under present conditions, an annual 
production per cow of approximately nine to ten thousand pounds of 
four per cent milk or its equivalent is required to pay all expenses of 
production. Production rates above this provide a substantial profit or 
management income. 

The Pricing of Milk 

In most markets in the United States, the price received by the pro- 
ducer for milk is determined to a large extent by the use made of it. 
Milk for direct consumption as fresh milk or cream brings the highest 
price. Milk utilized for manufacture of by-products brings varying pro- 
portions of the price paid for milk sold directly to the consumer. The 
subject of marketing milk and dairy products is too broad to attempt to 
cover fully here. It provides the content for an entire college course. 
Chapter 14 contains information on some of the principles and practices 
involved. 


MANAGEMENT FACTORS IN DAIRYING 

As is true in most enterprises, careful attention to efficient manage- 
ment is essential to success in dairying. Of particular importance in suc- 
cessful dairy management are effective use of labor and maintenance of 
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efBcient levels of production The latter requires careful attention to 
the pnnciples of breeding, feeding, herd health, and herd supervision 
Several of these subjects are covered m detail in subsequent chapters 
A summary is presented here 

Labor Efficiency in Dairying 

Modem labor-saving devices, which will be discussed more thoroughly 
under housing, make it feasible for one man to care for 40 or more cows 
The importance of well trained men with a direct interest in cattle 
cannot be ovcrcmpbasi 2 ed Tlie individuality in response of different 
cows to routine management conditions makes it necessary to have men 
m the dairy who can conectly interpret these responses and make ap- 
propriate adjustments 

Undoubtedly there will continue to be increasing specialization in 
the labor force involved in milk production Indeed, in some areas of 
the country, men are employed specifically as milkers, and may serve 
one or several herds 

In addition to canng for a reasonable number of cow s, each full time 
man should be expected to be responsible for the production of 400,000 
pounds of four per cent milk or its equivalent per year 

Efficient Production Levels per Cow 

A minimum goal of 10,000 pounds of four per cent milk or its equiva 
lent is desirable for an effective dairy operation The more profitable 
enterprises have production levels considerably higher than this While 
average production is much below this (Figure 1^), contmued profit 
able operation is doubtful at a lower figure Average production has 
increased at a remarkable rate, as shown m Figure 15, and we may 
expect even faster advances m the future In 1938, the average produc- 
tiori of all caws included in the standard dairy herd mprovernent pro- 
gram (DHIA) exceeded the 10.000 pound level for the first time There 
are a number of profitable, practically managed herds producing at 50 
per cent above the DHIA average A contmuation of the trend of in- 
creasing production can be expected This will be achieved through 
judicious management, taking full advantage of the best information 
available on feedmg, breedmg. milking practices, and general man 
agement, and good marketmg practices 
The successful dairyman of the ^ture must be well trained in the 
basic sciences, busines admmistrahon, animal physiology, and nutn- 
bon, and have the personality and ability to weld this knowledge into 
a smooth funebomng, efficient produebon unit 
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THEIR ability to produce large amounts of wholesome milk is the 
principal reason dairy cows are given a place of prominence in our 
economy. Therefore, the physiology involved in the production of milk 
and the factors affecting it are given rather extensive treatment in this 
book. 


COMPOSITION OF MILK AND SOURCE OF CONSTITUENTS 


Milk is composed of water, lipids (fatty matenal), protein, sugar, 
minerals, vitamins, enzymes, and some Iwdy cellular material. The 
average composition of cow's milk, in comparison with that of other 
species, is presented in Table 2.1. Differences between the milk of 
bumans and cows are worthy of note. Cow’s miJk is frequently modified 
by the addition of sugar and slight dilution to more nearly approximate 
human milk for the feeding of babies. 


TABLE 2.1. APPROXIMATE AVERAGE COMPOSITION OF THE MILK 
OF COWS, HUMANS ANT) GOATS.* 


Component 

i^^Vater 
( Total sohds 
J Fat 
^ Protein 
I Sugar 

.\5h 


Cow Human 

% % 

86A / 88JJ 

13.2 / 11.8 

37 I 37 

3.2 ( 

46 \ 6.8 

07 \ 02 


Coat 

5 

87.9 

121 

39 

3.2 

45 

07 


■Calculated from The ComposUkm of ilBke Publication 254, Xalional Research 
CounciL Revised 1953. 


There is a great deal of variation in the composition of milk betvveeo 
different breeds of cows and bettveen individual cow^ within breeds. 
Figures indicating the average composition of milk from each of the 
breeds are presented m Table 2.2. Variations in the compositiem of 


18 



17 


Milk Secretion--HarvesUng the Milk Crop 

milk may be inherited. The selection of animals which produce milk 
with specific cliaracteristics is discussed in Chapter 7. 


TABLE 2.2. APPROXIMATE COMPOSITION OF MILK OF THE FIVE 
MAJOR DAIRY BREEDS. 



Fat 

Protein 

Solids not Fat 

Breed 

Z 

2 

% 

Ayrshire 

4.0 

3.5 

9.0 

Brown Swiss 

4.0 

3.5 

0.0 

Guernsey 

4.9 

3.7 

9.4 

Holstein 

3.6 

3.2 

8.7 

Jersey 

5.4 

3.8 

9.4 


All of the constituents of milk come from the blood of the cow. Some 
are modified by the tissues of the mammary gland. Others appear in 
similar form in milk and in blood'. 

The water of milk acts as a carrier for other nutrients. Some of the 
nutrients are in solution in the water; others are in suspension, which 
accounts for the white, opaque appearance of milk. The water in milk 
is removed directly from the blood. 

The protein of normal milk is composed of a number of different 
individual fractions. For our purposes, they may be divided into: (1) 
casein (approximately 80 ne r- cent), composed of fractions called 
a, p, and y casein, and possibly S casein; (2) lactoglobulin (approxi- 
mately 7-12 per cent); (3) a lactalbumin (approximately 2-5 per cent); 
(4) Talood” serum albumin (approximately 0.7-1.3 per cent); (5) im- 
mune globulins (approximately 0.8-1.7 per cent); and (6) pseudo- 
globulin (approximately 0.6-1,40 per cent). Casein is a protein found 
only in milk, in all species, and is a product of modification or syn- 
thesis by the cells of the mammary gland, using amino acids or pro- 
tein fragments supplied by the blood. This fraction of milk protein is 
of major importance in the manufacture of cheese. 

The immune globulins are of particular importance because they 
carry antibodies. They occur in greatly increased concentration in 
colostrum (the first secretion at the beginning of a lactation). The anti- 
bodies are essential to protect the newborn calf against a number of 
diseases. “Blood” serum albumin appears to be identical %vith a pro- 
tein in bovine blood. It and the immune globulins apparently occur in 
milk by filtration from blood. 

The lipids of milk contain true fat, phospholipids, cholesterol, pig- 
ments, and fat-soluble vitamins. The true fat molecule is composed 
of one molecule of glycerol combined with three molecules of various 
fatt>’ acids. These fatty-acid molecules may contain from 2 to 20 or 
more carbon atoms. Some of the combinations of fatty acids in milk 
fat are characteristic of this substance and are not found in other 
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natural fats Fatty acids containing only a few carbon atoms (acetic, two 
propionic, three, and, particularly, butync, four), as well as those with 
7 to 10 carbon atoms, arc especially characteristic of milk. The pro 
duction of butterfal is a synllietic process earned on by the mammary 
tissues, utilizing the products of digestion and material which comes 
from the breakdown of body fats 

Cholesterol is a substance which is comerted to vitamin D when ex 
posed to ultraviolet light It occurs in animal fats and has been a subject 
of much controveTsy m association with vascular (circulatory system) 
disease in humans Present evidence mdicates that a number of factors 
other than cholesterol in the diet play an important role in this disorder 
Fat soluble vitamin A is an important nutritive contribution of milk 
for human food This occurs in milk in proportion to the amounts pres 
ent in the cow’s body The nutritive state of the cow is therefore im 
portant in regard to this constituent The >eHow color of milk is due to 
pigments which are precursors of vitamin A Cows which produce 
yellow milk only are poor converters of the pigment carotene to vitamin 
A In breeds which produce while milk this conversion is more com 
plete There is no significant difference m the nutritive value of carotene 
or vitamin A for humans when adequate quantities of cither arc present 
m their diet 

Vitamin E also is present in fresh milk in proportion to its presence 
in the diet of the cow 

Fat in milk occurs as small globules separated from the other ma 
terial by an extremely thin membrane This type of suspension is called 
an emukion The production of butter by churning and the nsing of 
cream are important properties of milk brought about by the charactens 
tic behavior of the butterfat 

The term solids not fat is frequently applied to the content of sugar, 
protein minerals, and other non fat components in milk 

The sugar in milk is called lactose l,actose is found only m milk. It 
IS a dtsaccharide, which means that it is made up of two simple sugar 
molecules or monosaccharides Its composition is onl}' slightly different 
than that of sucrose, which is the sugar of common table use Galactose 
and glucose are the hvo simple sugars in lactose The sugar of milk is 
the result of an active synthetic process of conversion from blood 
glucose 

Mineral matter m milk is made up of a number of different elements 
The prmcipai elements are calcium and phosphorus All the minerals 
are mcorporated into milk directly from the cow’s blood supply, but 
some of them are tied up m speaal biological combinations in milk. 

Vitamins are an important mitnbve contribution of milk Vitamins 
A D and E have been mentioned under the lipids Milk is particularly 
high m nboflavm ( vitamm Ba) and is a good source of other B vitanuus 
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Vitamin C occurs in fresh milk but, under standard processing and dis- 
tribution procedures, is usually destroyed before it is consumed. Water- 
soluble vitamins are incorporated unchanged into milk from the blood. 
Since they are synthesized by bacteria in the rumen of the cow, the level 
of B vitamins in milk is relatively constant. 

A number of enzymes (substances which speed chemical reactions 
but do not enter into them) are found in milk. They are important for 
the effect they have on milk flavor during handling and storage. Certain 
lipases (enzymes which break down fats) can have an undesirable in- 
fluence on milk flavor if their action is not controlled. Some tests for the 
completeness of pasteurization of milk are based upon the presence or 
absence of enzymes destroyed by pasteurization. 

Body cells and cell fragments found in milk arise from the degenera- 
tion of secretory cells and the apparent passage of some white blood 
cells into the secreting area. 


STRUCTURE OF THE UDDER 


The mammary gland is a speci alized develo pment of skin tissu e. It 
is located outside the body wall and maintains its association with the 



Figure 2.1. The udder of an outstandmg Ayrshire cow. Crusader's 
Joyce of Windy Top, ot 19 years of age, after producing over 200,000 
pounds of milk. Courtesy The Ayrshire Breeders Association 
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body by^connective Jis^e supports, its covering of skin, and cnctdafory. 
_ves sel£-flnd nerves_vv hic!r^cir7f through the tnguwal canaLp r^n^et^ 
the skin 

In the cow the mammary gland, o r udde^_is_composed of four 5epa_ 
rat£jcomplete units called qua rtos These are loi ned closely bu t dmded^ 
by membrane s so that the re is no c ^nuinicatio nJbe^>N een them except . 
througli th^ bl ood stream 'and~the ce ntral ner vous system F igure 2 1 
contains a picture of the udder of a tu^ producing cow 
The Becretory portion of the udder consists of countless alceoh or tiny 
chambers lined wth individual secretory cells Each of these alveoli is 
drained by a small duct ^^hlch leads to larger ducts Clusters of alveoli 
resembUng a bunch of grapes are drained by ducts of increasing size 
until some 10 to 20 ducts conduct milk into the gland cistern Figure 2J2 
show’s a cross section of a cow's udder wth details of the secretory and 
storage system as well as the structure of the teat 
Each alveolus is supplied blood through tiny capillaries which he 
outside the seaetory cells Small muscle fibers also surround each 
alveolus and axe important in the removal of milk from the gland The 
individual secretory cell is the primary factor m milk production It 
extracts all of the components of milk from the blood stream and either 
arranges them into new compounds or passes them through directly into 
the alveolus 


THE CIRCULATORY SYSTEM OF THE UDDER 

The produebon of milk requires a rich supply of blood to the mam 
mary gland The major blood vessels mwlv^ are the external pudic 
arteries, w hich are paired vessels each supplying one half of the udder 
These arise from major artenes supplying the rear portion of the cow 
and pass through the inguinal canal to reach the udder At the udder, 
numerous branches occur which provide blood to most of the gland. 
Anoth er_aitei v which is of minor imp ortance is the perineal Smaller 
mid smaller _ar te nal branches lead to tiny-Vessels 'caTl^ afpiUanes' 
which surround alveoli or secretory parts of the'^and aniTsup^y” 
nutrients to them 

The capillanes form the junction between the small artenes and the 
small veins The vems unite to form larger and larger trunks which return 
the blood to the heart The pnnapal vems involved are the ex ternal 
podtcs,-v\hich run parall^to the_extemal_pudiG artery 
Figure 2.3 contains diagrams indicating the location of major blood 

\essels suppl)’ing the udder The abdommal \ eins j^mammary veins ), 

which he on the under side of tiie aBd^ igi,-aIso~rarr y_blood from 
udder Res^clThas sho^ that the relative size of this blood \ essel is 
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Figure 2.2. A cow's udder In cross section. Struc* 
fares that may be observed include secretory tissue, 
ducts, gland cisterns, teat cisterns, streak canols, 
the median suspensory ligament, ond fatly tissue 
and lymph nodes at the top of the udder. Cour- 
tesy W. W. Swetf, Agricultural Research Service, 

U. S. Department of Agriculture. 

not necessarily a good indicator of ability of the animal to produce 
milk. However, in many high producers these veins are prominent, well 
developed, and tortuous. 

While not so dramatic or so easily observed as the blood stream, the 
lymphatic system is an important part of the circulation of animals. 
Lymph is the name given to the fluid outsi de of the arteries and veins 

.^l£h|2a^2I^^_bod^^]^ijsJ~l^any~m^entr'*pa^*7rom~THe^'^6i^d, 

through lymph, to the cells. The lymph system of the udder, with its 
lymph nodes, helps clear bacteria and undesirable material from the 
udder. The lymph system moves the fluid upward and toward the rear 
of the udder througli the supramammary lymph nodes and through the 
^stcm of lymph vessels which eventually empty into the blood stream 
in the chest region. 

XJdder edema or swelling, frequently a serious problem at calving 
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TgufC The btood e rcwlol on fo *h« udder ArTer of c rcufot on f» »hown obove 
venout crculoton below 
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time, is a result of an inadequate rate of removal of lymph from the 
udder. 

The nervous system. The udder is well supplied w ith nerves. These 
. are important in^ e m^han ism ot milk "letdown”~and in contro lling 
circu lation intK^dclefr 

Udder supports. The attachment of the mammary gland to the body 
is important with the large udders of high-producing capacity which 
have been developed. Loose ly . at tached or pendulous udders are fe - 
quently susceptible to injury or m astitis. T he principal support and-a t- 
^cHment otlhe uoder are p rovided by thelned ian^suspensoruJiRa inent, 
wliicKmo^tgd’lirtlie midime m~th^b odv. 

This ifgament is attached to the pelvic arch. If it is stretched or weak- 
ened, a pendulous udder results. Permanent stretching of this ligament 
results in turning out or “strutting” of the teats, making machine milking 
very difficult. Support is also provided by connective tissue Jocated 
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this mtsscle detennmes to s large degree the ease with which millc can 
be removed from the teat and the tune and effort required in milking. 

As noted in Figure 2.2, there is a fold of tissue at the top of the teat 
which partially separates the teat cistern from the gland cistern. 
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DEVELOPMENT OF THE UDDER 

From a production point of view, the development of a satisfactory 
functional udder is as important as management of it after maturity. 

Embryonic Development 

Indications of the udder are visible as specialized structures early in 
the growth of the embryo. In mammals the fetus goes through a number 
of stages of evolution. In early development there is a line of primary 
tissue from which functional mammary glands may develop along eac i 
side of the abdomen. In some mammals, such as swine, a nuniber o 
these develop into potentially functional glands. In other species, a 
hut two or four normally disappear. While four is the usual num er 
which persist in cattle, it is not unusual for one or more additiona 
glands to occur. Frequently these are functional, although much reduce 
hi producing capacity. , 

At birth the udder consists of the teats, teat cisterns, gland cisten^ 
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this muscle determines to a large degree the ease wth which milk can 
be removed from the teat and the time and effort required in milking. 

As noted in Figure 2.2, there is a fold of tissue at the top of the teat 
Avhich partially separates the teat cistern from the gland cistern. 


THE SECRETORY PROCESS 

Previous discussion has indicated that milk secretion is the result of 
a combination of synthetic and Bltration processes conducted by the 
cells lining each alveolus. Details of most of the specific mechanisms in- 
volved ate not well understood- It is known that milk secretion is a con- 
tinuous process and that it is reversible. Milk not removed from the 
udder is reabsorbed when external pressure on the alveolus equals 30 
to 40 mm. of mercury. Prolonged failure to remove milk, or incomplete 
milkin g , causes a redurt i^jInLindk-secretio n and invo lutjon..~oLjthe 
secr etory tiss tiew^ 

and direction of the process are at least partially controMed 
by the relative pressure existing in the udder. Milk is apparently pro- 
duced most rapidly immediately following mfiklng As pressure builds 
in the udder, the rate is slowed until an equilibrium condition exists. 
If milk is not removed for p rolon ged period,. reabsorption occurs. This 
explains thelact that appreciably more milk may be obtained Crotn 
^i ^-producing cows milked three of four times a day com pared.to.those 
miliced twice a 'da yt._ 

Microscopic observations of alveolar cells in the active state indicate 
that there is an accumulation of secretory granules in the end of the 
cell toward the cavity of each alveolus. There is a change in shape of 
the secretory cells, which become distended and more rectangular in 
shape rather than cuboidal. Some researchers believe that there is an 
actual rupture of the cell wall, allowing the escape of milk particles. 
Some of the constituents may pass through the intact semipermeable 
cell membrane. The actual process of milk formation and expr^sion 
from the secretory cell is a cmuphcated process, and much Temains to 
be learned about it 

Fat app ears to be provided at a rate .^om &what independ ent of the 
secretion of other milk solids. Several factors indicate this. Fat seCTeiioir 
rnajTbe^mdro markedly affected by changes injntemal pressu re. Strip- 
pings, or the last portion of a given milking, are usually high in fat, 
perhaps as a result of release of pressure in the udder and consequent 
release of fat globules from the secretory cells during the milking 
process Also, i n cases when there is a decrease in total productjon, there 
is frequently an increase m tbe fat percentage of the rnilk. 
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DEVELOPMENT OF THE UDDER 

From a producUon point of view, the developmeiit of a satisfactory 
functional udder is as important as management of it a ter ma ur y 

Embryonic Development 

Indications of the udder are visible as specialized s^ctures earV 
the growth of the embryo. In mammals the fetus goes throug a ™ 
of stages of evolution. In early development there is a me ° 
tissue from which functional mammary glands may eve op , 

side of the abdomen. In some mammals, such as swine, a ” „ 

these develop into potentially functional glands, n o number 

hut two or four noLally disappear. While four is the " 

which persist in cattle, it is not unusual for one 
glands to occur. Frequently these are functional, although much reduceci 

in producing capacity. , , , risterns. gland cistemS: 
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lactation It has been observed m greater amounts following halving 
and it^pears to be discharged more rapidly into the blood stream when 
a cow IS milked There is a reduction in the amount present as lactation 
tapers o£E^ ' ^ 

Other hormones are esssential for milk production The contnbutions 
of estrogen and progesterone have been discussed Lack of hormones 
from the adren al g lands and the thyroid, a nd of hormones other than 
lactogen from_th^pituitary gland will inhibit_or stopjactation , ^ 

The Milk ' letdown" Mechanism 

\Vhen milk secretion has conbnued for a considerable period after 
milking the alveoli, ducts and gland and teat cisterns are fiUed wth 
milk Milk m the cisterns and larger ducts can be removed readily Milk 
m the smaller ducts and alveoli does not flow out easily However, the 
cow and other mammals have developed a mechanism for releasing 
milk from the mammary gland Stimulation of the central nervous sy s 
tern by so mething associated ^^vith^the^ilking_pr ocess is nece^^y tP' 
mitiate. t^reaction^tu nulatiOD of nerve end in gs in the teats sensitive ., 
to touch pressure, or warmth js t hejispal p ech am^"j tbejSuck<n g ag tionj*^ 
of tbe wit IS ideal f^ this However massa gmg the udder or washing 
with warm water is me usua l method employed btimulStion is c a med 
by the nerve's ’tiTine br ain “wKiSi is c onne cted with the pituitary gland 
located at its base MecFSnisms ^e activated in the p ituitary g land ^ 
'wnictLcau se the hormone OT^^iiTto be released fr^.ib'posterior lo ^' 
Oxytocm is camed by the blood stream to the udder, where it acts on 

the small muscle cells surrounding the alveoli causmg them to con 

tract The pressure thus created forces the milk out of the alveoh and 

smaller ducts as fast as it can be removed from the teat Figure 2^ pre- 

sents a diagram outlming the letdown refle;i 
A peopd oLfrom 45 seconds to one and one half mmutes is required, 

^om stunulation to first noticeable letdown" ot milk The eftective time 

of the hormone is limited and millufig should hp ivimplpfpH ^^^thln 8 
mmutes if all the milk is to be obtained 

The mechanism may also be tnggered by sounds or activities which 
the animal learns to assoaate with the milking process, as well as by 
stimulation to the udder 

The hormone epinephrtne, which is released from the adrenal g lands 
when an animalis angered or fnghtened, is bebeved t o be ant agoni^ic 
to this mechanism and to partially or co mpletely b!ock_lhe "^^doNWi^ 
resp onse The “letdo\vn" mechanism provides a basis for many ot the~' 
practices mcluded m the secticm on recommended milkmg procedures 
which foUmvs 
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Removal of Milk From the Udder 

The physical principles involved in removing milk from the udder 
must be understood if an effective job is to be done. Since this is the 
“harvest” to which ah other dairy activities are pointed, it is important 
that it be done completely and in a manner which leaves the udder in 
optimum condition for future production. 

In hand milking, the top of the teat cistern is closed off and pressure 
is applied to milk in the cistern, which is forced out through the streak 
canal. WHien pressure is released, llie opening at the top of the teat 
cistern allows milk to flow into the cistern, and the process is repeated. 

As is shown by the diagram in Figure 2.6, the principle by which 
milk is removed by machine is quite different. In machine milking, a 
continuous partial vacuum is maintained inside an inflatable rubber tube, 
the icat Clip liner, and around the end of the teat. A partial vacuum 
alternating wdth normal atmospheric pressure is maintained between 
this tube (often called the inflation) and the wall of the teat cup. Milk 
flows from the teat during the time the vacuum is in effect. The vacuum 
pulls the inflation close to the teal cup wall, allowing the teat to expand. 
When there is normal air pressure between the inflation and the cup 
wall, the teat is compressed and massaged. This aids the blood flow 
and helps prevent congestion and irritation of the teat. 
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f sure 2 6 Meehan jm* of removol of m Ik from the teof by a m Ik ng machine 


Rapid Milking 

It IS important to complete the milking operation with dispatch As 
mentioned previously the “letdown" mechanism persists for only a 
fe^v minutes Banid milking tends to r educe in jury to 

the udder With' careful attention most co\vs can be trained to milk-out 
in twee ot four minutes Many cows milk out in as little as t\vo minutes 
Even high producers can be completely milked m this time Only a small 
percentage of cows will require over three or four minutes 

A num ber of mechanical factors influence th e rate and effi ci ency of 
milking including vacuum level the degree ot vacuum attaint in_ 
tne tearcup pulsation rate th e number of cycles ot alternating vacuum 
and atmospbenc pressure which owir in a irilffOte arid puUiili on~TdTfTTf 
or the jiropoitio n ot time spent unde r v acuum and atmosphe nc pres 
sure Rate of milkmg is a result oLime racUon of alCfl Qhese^ 

Ipr.r’lft nf ^to 8 p ounds-OCT spuar e mch of n egative p ressure 
(10 to 16 mcbes of mercury) are usually recommended by milking 
macBme manufacturers Rate of milking may be increased slightly with 
increased vacuum levels However there is greater opportunity ioz 
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creeping up of teat cups and damage to udder and teat tissues at higher 
vacuum levels. Ideally, negative pressure should be adequate to open 
the teat and cause milk to flow through the teat sphincter at a rate that 
is rapid but not sufficient to cause irritation or injury. Since there is tre- 
mendous variation between cows in the strength of the teat sphincter, 
a generally applicable figure is difficult to establish. 

Pulsation rate. Milking madiines of different manufacturers are 
known to have a wide range of recommended pulsation rates. These 
may vary from a high of 120 cycles per minute to as low as 40. Milk 
flow tends to be more rapid at the higher rates, with milk flowing a 
greater percentage of the time. Rapid pulsation rates are usually sug- 
gested for machines with bigger teat cup liners. Milking rate is affected 
more by high pulsation rates in machines which operate at low vacuum 
levels than in those with high vacuum levels. 

Pulsation ratios. With cows which milk out rapidly, milk may flow 
continuously when the machine is attached, particularly during the 
earlier part of the milking process. In general, increasing the portion of 
time the liner is in the “expansion" phase, or under vacuum pressure, 
increases milking rate. A pulsation ratio of 6(j;40 c ause s milk. to flory 
faster than one of 50;S0 rrHowever, differences are not in direct pro- 
portion to tfie^fferent ratios involved. 

Pulsation ratio can also b e called expansion-collapse r atio. 

- 

Adjusting the Individual Milking Machine 

Since the perfonnance of a given machine is the resuh of interaction 
of the factors mentioned above, all of them should be functioning prop- 
erly for the most efBcient milking. Milking machine manufacturers pro- 
vide specific recommendations for the vacuum levels, pulsation rates, 
and pulsation ratios at which their machines work best. Frequent check- 
ing of each unit to see that it is functioning properly is important. One 
of the most frequent disorders is the failure to maintain the proper 
vacuum. Vacuum lines large enough to maintain recommended pres- 
sures at all points, when all machines are running, are important. Dirt 
or rust frequently accumulate in vacuum lines, reducing the vacuum 
existing at the stall cocks. Routine inspection and cleaning should be 
carried out. 

The rate of milk flow' from the teat is controlled to a large extent by 
the strength of the sphincter muscle. Variation between families and 
groups of cows in this characteristic is such that it is believed to be an 
inherited factor. Ease of milking is becoming a factor in selecting animals 
for breeding purposes. Surgical techniques are available for reducing the 
•strength of the teat sphincter in coxvs which arc diffiailt milkers, but 
they arc seldom satisfactor>'. 
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SUGGESTED MILKING PROCEDURE 

// 

/ Maintain the cow m an environment unth which she is famihar and 
at ease 

1 Wash the udder wth an individual cloth or paper towel dipped 
in warm water contammg a satisfactory sanitizer MaKe sure the udder 
IS clean 

2 Remove one or two streams of milk from each quarter on a stnp 
cup Make provision for discarding abnormal milk and pre\entmg the 
spread of mfection from infected quarters to healthy ones 

3 Approximately one minute after stimulation of udder attach the 
milking machine 

4 Observe the cow carefully WTien milk flow begms to stop “ma 
chine stnp" the udder by pulling down on the teat cups and massagmg 
the mdivdual quarters to remove the last of the milk. Care should be 
taken to present the situation indicated in the last sketch in Figure 2.6 
where the teat cup creeps up on the udder and shuts off milk flow This 
occurs when most of the milk has been removed from the udder Not 
only IS milk flow halted, but dehcate tissues of the udder and teat may 
be mjured providing an opportumly for infectjon 

5 \Vhen mJkmg is completed remove the teat cups gently, breaking 
the vacuum m each teal cup by msertmg the finger 

6 The milkmg machme should be cleaned and samtized after each 
milking as discussed m Chapter 13 It should be assembled and ad 
justed according to the manufacturers specifications Poor adjustment 
of milking machmes in regard to v'acuum level or pulsation rate results 
m incomplete milking or prolonged milking tune and may be a cause 
of udder injury 


FACTORS AFFECTING THE TOTAL AMOUNT 
AND COMPOSITION OF MILK 

A number of factors some of which may be partial!) or completely 
controlled by management practices have a definite effect on the 
amount of milk obtamed or its composition 

Stage of Lactation 

Figure 27 contains a graph sbowmg a t>'pical lactation curve Im 
mediatel) after calving milk production starts at a fairl> high level 
The amount produced normally increases for approximate!) four to 
SIX weeks when the cow reaches her maximum production. From this 
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point there is a gradual decline until the end of the lactation. For most 
efficient production, cows should reach a high peak of milk production 
and exhibit good persistency^ or ability to maintain relatively high 
levels of production, throughout the entire lactation. 



Figure 2.7. Typlcol varlatloris In dolly milk production during lactation. 


The most striking change in the composih’on of milk associated with 
stages of lactation is the difference between colostrum and normal milk. 

Colo strum is the first “m il k” produced after parturi tion, when the 
animal has not been milked previous to one or two days before calving. 
Colostrum may have doubIe_tfif» solids o f normal milk. The globulin 
.f raction is increased to as much ns 15 per cent. Lactose cont en t^ 
r educed. The vitamin A content may be as much as 20 times h igher than 

contain^ data on the composition of colbslruffTllt — 
djlfcrcnt times following parturition. Production of normal milk starts 
■^^oon..aftcr-parturitioiu.jvndJtJs..usuali\i,co nsicicr^ salabl^'hfter abouT * 
Ills ^bth m ilk ing. 



32 Milk Secrethn—Haroestlng the Milk Crop 

TABLE 2.3. AVERAGE COMPOSITION OF COLOSTRUM PRODUCED 
BY COWS AT VARIOUS TIME INTERVALS FOLLOWING CALVING.* 


Time after Cahing 


Component 

Hrs. 

Hrs. 

Hrs. 

Hrs 

Hrs. 

Hrs. 

Days 

0 

12 

24 

36 

48 

72 

5 

Total solids 

27.0 

145 

12 8 

125 

115 

11.8 

12.7 

Fat 

5.1 

38 

34 

35 

28 

31 

38 

Protein 

17 6 

60 

45 

40 

37 

38 

38 

Sugar 

22 

3.7 

40 

40 

40 

4.7 

4.8 

Ash 

10 

09 

09 

08 

0.8 

05 

05 


‘From: The CompottUon of Milks. National Research Council Puhlication 254. Re- 
vised 19S3. 


Motii/icflfj'orw in fat percentage in milk occur with advancing lacta- 
tion. There tends to be a drop in fat percentage for the first month or 
t\vo. However, there is much individual variation, at least partially as- 
sociated \vith the condition of the cow at calving time. At the end of 
lactation, it may be as much as 05 to 15 per cent higher than at the 
beginning. The size of fat globules in milk tends to decrease toward the 
end of lactation. 

Some cows produce milk more susceptible to off-flavors as a result of 
oxidation in the final weeks of lactation. 

Inheritance 

Variation in the ability of indivdual cows to produce milk is an in- 
herited characteristic. This applies to total milk, fat, and solids-not-fal. 
Length of period of high production or persistency, as well as total pro- 
duction, are influenced by heredity. Many factors are involved in es- 
tablishing the inherited capacity for milk production. These include 
hormone levels and balance between different hormones, amount of 
secretory tissue, and ability to consume and digest feed. Extreme ex- 
amples of inherited metabolic differences are the beef cow, which readily 
converts feed to flesh, and the good dairy cow, which converts it to 
milk. A more thorough understanding of the inheritance of mechanisms 
which control production is needed, and much research is being di- 
rected to obtaining this information. 

Cows which have inherited a capacity for high production are neces- 
sary if the benefits of excellent management are to be fully realized. 
However, many of the cows presently in dairy herds are managed in 
such a way that their potential production is never realized. The po- 
tential production of a given animal cannot be raised by management 
practices, but good management should take full advantage of the 
capaaty tliat is present. 
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Age. The age of a cow has a definite effect on total milk production. 
Most cows reach maturity and maximum production at six to eight years 
of age. Production gradually increases to this point, then tends to drop 
off. An increase in production of approximately 25 per cent is achieved 
at maturity in comparison to that of most two-year-olds. Breed associa- 
tion and other production-recording agencies take this into account 
in calculating production records to a mature equivalent (ME) basis. 
Conversion tables have been developed for this by a number of groups, 
including the Agricultural Research Service of the United States Depart- 
ment of Agriculture and each of the breed associations. Table 2.4 con- 
tains factors developed from the Cooperative Dairy Herd Improvement 
Program for converting production records to the ME basis. 

Fat percentage changes but little from the first lactation to maturity, 
but tends to drop slightly ^vith advancing age after maturity. 

Feed effects on milk during lactation. There are a number of ways 
in which feed may affect the quantity and/or composition of milk. 
Probably the most striking factor is the level of energy intake. 

Underfeeding of cows has a marked depressing effect upon the 
quantity of milk produced. The degree of reduced production is related 
to the extent of underfeeding and the length of time it exists. Cows in 
good flesh may show less decline in milk as a result of underfeeding 
than thin animals. 

One of the most critical periods for proper feeding is immediately 
folloNving parturition. It is difficult for high-producing cows to consume 
enough feed to completely supply the energy demands for production 
and maintenance at this time. Most good cows lose weight at this 
period. Bringing cows to full feed as rapidly as possible after calving 
and maintaining energy intake as dose as possible to their total need 
will enable them to reach their inherited potential for production and 
to maintain it for longer periods. 

As cows approach their inherited capacity for milk production, they 
respond with decreasing amounts of additional milk for each unit of 
energy added to the ration. This is demonstrated by the graph sho\vn in 
Figure 2.8. 

A ration well balanced in regard to all nutrients is essential for normal 
milk production. Deficiency of any specific nutrient in relation to the 
requirements of the cow will reduce the efficiency of the ration and 
result in decreased milk production. With a few exceptions, the decrease 
in milk production, rather than significant changes in the composition 
of milk, is the response to an unbalanced ration. However, markedly 
decreased milk production as a result of underfeeding may be accom- 
panied by changes in the composition of milk. Fat and protein per- 
centages frequently increase, resulting in increases In percent total 
solids. Tlic percentage of lactose frequently decreases. These changes 
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TON ABOVE MAINTENANCE /YR 
{LBS XIOOO) 

• Perfect con\ ersion of energy based on present feeding standards 
Expected production from experimental data adjusted for maintenance and intake 
Ic\cl 

From Reid ) T Paper Presented before the American Dairy Science Association 
June 1955 

Figure 2 8 Relation of milk yield to energy Intake above maintenance 

ma) result in changes in the physical properties of milk, such ns the 
freezing point,, xshich may be interpreted by control authonties as m 
dicatiac of added water 

Specific rations or feed ingredients inOuencc the composition of mfik 
Cod liter oil m the ration has long been knowTi to reduce the fat per- 
centage of milk Other fish oils have a similar effect The feeding of 
hultcrfat, cocoanut oil, and fats of similar structure results in a tern 
ponir> increase in the fat content of milk There seems to be no ev’fdencc 
of fcedsluffs whicli will result m increases in the percentage of fat 
secreted otcr the entire lactation 
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Certain rations do result in significant depression of the fat content of 
miJk Feeding limited amounts of forage and heated concentrates of a 
starchy nature results in lowered fat percentage of milk. Grinding the 
forage accentuates this effect There are mdications that the fatty acid 
content of the butterfat is altered when these rations are fed, with an 
increase m unsaturated fatty acids There may also be some increase in 
the protein content of milk secreted under these feedmg conditions 
Cows on certain pastures and cows on high-concentrate feedmg may 
exhibit a depression of fat content of the milk Pearl millet has been 
associated wlh this phenomenon X^ush spring pastures seem to con 
tribute to a similar change 

In general, lack of adequate forage dry matter or adequate sources of 
energy seem to contnbute to situabons where the fat content of milk 
is reduced Feeding cows a minimum of ten or twelve pounds of normal 
dry forages seems to assure milk of normal composition Changes m fat 
content and composition of milk appear to be a result of differences jn 
the proportions of volatile fatty acids made avaflable to the mammary 
gland from the rumen 

The amounts of fat soluble vitamins A, D, and E in mdk are influ 
enced by the amount ui the diet or, m the case of vitamin D, the amount 
of exposure to sunlight 

The relationship of carotene and vitamin A has been previously dis 
cussed, when the diet of cows is dcfiaeol in fat soluble vitamins and 
they are not exposed to sunlight, there will be little or none in the mffk. 

Feed factors affecting the flavor of milk, A number of natural feed 
stuffs cause undesirable odors and flavors m milk Wild onion and garlic 
are parbcularly bad offenders Many silages also contribute odors to 
milk Fresh spring pasture may be a cause of vmdesirable flavors Re 
search has shown that many milk fla\ors are transmitted through vola 
tile substances being inhaled and passed into the blood stream of the 
cow through the lungs Other fiavonng substances are absorbed from 
the digwtii e tract From the blood the flavors are incorporated m milk. 
Upon separation of the cow from the source of contammation many 
flavors will disappear from the mdk. It is essential that cows be kept 
from exposure to undesirable odors and flavor sources for at least four 
hours previous to miDjng 

Effect on milk of feedmg prectota to lactation The feedmg level 
previous to calving determines the condition of flesh of the cow at par 
tunbon. Cows in good flesh at calving have been observed to start the 
lactation with up to 25 per cent more milk than those caJvmg in poor 
flesh Generous feedmg of thin cows foHowmg parturition may ehimnste 
this difference soon after calving. 

Cows calving m an extremely fat condition may produce mdk of un 
usually high fat percentage during the first several weeks after calvmg 
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Length of dry period. A dry period of six to eight weeks in duration 
is recommended following each lactation period. This is important for 
proper conditioning of the udder. Under this system there is practically 
complete involution of the secretory tissue and replacement with new 
tissue between lactations. An opportunity is also provided to get the 
cow in proper body condition for calving. While longer dry periods 
frequently result in higher daily levels of production in the subsequent 
lactation, the total milk produced over a series of lactations is not in- 
creased. 

Effect of season. The percentage of butterfat secreted in milk varies 
with the season, being higher in the fall and winter and lower in spring 
and summer. This variation in individual cows may be as much as 1.0 
per cent. The average variation is closer to 0.3 to 0.5 per cent. Solids- 
not-fat also show a seasonal variation, with the low point in spring and 
summer. The reason for these changes is not known. They may be asso- 
ciated with temperature and humidity, or with other factors, including 
type and amount of feed consumed. 

The season of calving has a marked effect on total production of milk 
and fat during a lactation. Cows calving in the fall months consistently 
produce more than those calving at other times of the year. Cows calving 
in the spring produce the least. This difference may be of the order of 
10 or 15 per cent. It is due in part, at least, to the ability of cows calving 
in the fall and early winter to respond to spring feeding conditions with 
additional production. Cows calving in the fall have an advantage in 
fat production, since they are at the peak of total milk secretion during 
the season of high fat test. 

Severe weather conditions usually decrease the amount of milk and 
may influence fat test in either direction. Temperatures above 85® F. are 
critical for dairy cows. Above this temperature, feed consumption is 
greatly reduced. High humidity associated with high temperatures may 
be even more serious. Milk production in hot weather frequently follows 
the pattern produced by very low intake of feed. 

Breed. The various breeds of cattle have been in part selected for 
specific characteristics of the milk, and there are appreciable differences. 
Table 2.2 contains data on the average composition of milk from differ- 
ent breeds. It should be remembered that there is a great deal of varia- 
tion in regard to the composition of milk produced by individual animals 
'vithin each breed. 

Gcsfflfion. Pregnanc>’ seems to have little effect on milk production 
until about the fifth month. At tliis time production begins to decline 
more rapidly than with non-pregnant animals. This reduction in pro- 
duction is probably largely due to changing hormone balance rather than 
to the nutrient requirements of the developing fetus, since these are 
small in relation to those for milk secretion. 
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Estrus cycle The reproductive cycle has little effect on production 
except at the time of heat Dunng the day of heat and the day follow 
ing total production and butterfat percentage may vary drastically 
either up or down without any consistent pattern 
Frequency of mtlhng and tntercal between mtlktngs Millang high 
producing cows three times a day consistently provides greater produc 
tion than milking Uvice daily Likewise, four milkings per day result m 
more milk than three milkings There is wide vanation in the response 
of mdividual cows As much as one fourth to one third more milk has 
been reported in some instances for cows milked three times instead of 
twice daily Milking good producing cows only once daily severely 
curtails production and persistency of lactation 

One of the advantages of millang three or more times per day is 
greater persistency Not only is more milk obtained on a given day, but 
production declines at a slower rale as lactation progresses 

Frequency of milking has not been shown to have a significant influ 
ence on butterfat percentage 

Unequal intervals between milkings result m differences in both 
quantity and composition of milk More milk of slightly lower fat con 
tent IS obtained following the longer interval When the time between 
milkings IS equal, the morning milk tends to be sbghtly lower m butter 
fat content but somewhat greater m quantity 
The decision as to whether more than two milkings per day are 
profitable will depend on whether the additional milk more than covers 
the cost of obtaining it Some herds managed for intensive production 
have shown three daily milkings profitable 

Frequency of caJxnng The interval between calvings is an important 
management problem in a dairy herd Research has indicated that it is 
most profitable for cows to calve at twelve month mtervals With an 
eight week dry period this means a lactation period of ten months 
Kfore milk can be obtained m a single lactation with longer calving m 
lervals but total production over two or more years is greatest with the 
yearly calving interval 

Drugs A vanety of drugs have been tested to determine their effect 
on milk production There are a number of substances which may have 
a depressing effect on milk secrehon and these are of interest and help 
m studying the physiology of milk secretion Drugs which stimulate 
milk production are few One substance somebmes recommended to 
mcrease production is ihyroprotem or lodinated casein nhich, when 
given m suffiaent quantity speeds up the metabolism of the entire 
body Milk and fat production may be increased particularly m good 
produemg cows m the last half of lactation The energy requirement is 
also greatly increased The possible effect on milk production m subse 
quent lactations is m question The use of thyroprotem is not recom 
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mended except under specialized conditions. Its use is not allowed with 
cows on some “ofRcial” production-testing programs. 

Oxytocin is sometimes used beneficially with cows which are deficient 
in this hormone. It may be useful in obtaining milk from heifers which 
are excitable and where difficulty is experienced in training to milk. 
The effect of this drug is to facilitate removal of milk from the udder 
rather than stimulation of secretion. 

Disease. Any disease which has a harmful effect on a cow tends to 
reduce milk production. When feed intake is reduced, the effect may 
be drastic. Diseases of the reproductive system have an indirect but 
severe effect on production by prolonging the calving interval. 

Mastitis has a direct effect on milk composition as well as quantity. 
The chloride content is increased. Frequently the sugar level is de- 
creased. The characteristics of the proteins are changed and the con- 
tent of body cells is tremendously increased; as a result, the pH of the 
milk is increased. Milk from cows suffering from mastitis should not be 
used for human consumption. 

Management of the cow. Management factors other than those Just 
mentioned probably have little effect on the composition of milk. How- 
ever, much can be done to maintain the level of production. The cow 
must be considered as a hard-working individual converting tremendous 
quantities of rough feed into high-quality human food. Creating a 
pleasant, quiet, and comfortable environment will enable her to do her 
job more efficiently and effectively. 
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THE feeding of dairy cattle and other ruminants is approached quite 
differently from the feeding of suinc, poultry, and other animals which 
do not have so complicated a digestive s>’Stem. All animals which live 
to a large extent on the vegetative parts of plants have a portion of the 
digestive tract designed for bacterial action on the food. In the horse, 
as well as in the guinea pig and other rodents, it is a greatly enlarged 
caecum, which is associated with the intestine. In cattle, sheep, goats, 
deer, and similar animals, this fermentation area Is located in the forward 
part of the digestive tract and called the rumen. Because of the tre- 
mendous volumes of rough feed processed in the rumen and converted 
to hfgh-quahty human food, tfie rumen is frequently spoken of as one 
of our most important natural assets. An understanding of the stnicture 
and functioning of the digestive tract of cattle is necessary for the de- 
termination of the rations which svill result in the most ciBcient pro- 
duction. 


RUMINANT ANATOMY AND PHYSfOlOGY 

The names given to the different sections of the stomach of ruminants, 
in order of occurrence, are rumen, reticulum, j>masum,_an 6 abomosum. 
The relative location of tHese’o^ansissWvn In Figure 3.1. 

The Erst compartment, or rumen, m akes up about SO per cent of the_ 
stomach in the mature nimmant , with the r eticuiuni, __o maru 2 a_aad. 
abomasurnaccounting tor api^ oiiinatelv-5. 7..and 8-per- />pnf, respec- 
bvely_j^ Total capacity of the_mature ruminant stomach may be 50 g^ons 
or moreTTHs'iTa marked change trom“Th'e"case inThe nesvbom cglT" 
where the rumen and reticulum together are only about one-half the 
size of the abomasum The rumen is a hig hl y muscular org a n w’hich is_ 
lined with a mucous membrane contam mg many papfi? qg_cr-Small.pro:_ 
Te rtions, which~CTMtly^in'cre3se the suifacg _area^i3od^ateriaLa20i^£i- 
OTer a muscular wall to the reticuIunvwhich^in-additioa4oJ>eing^hned, 
^dth papiiraeThas'a system ol.ndges..andJepressiQns_which_re5ein^ 

VhoneycxOTb The rernPhon^comb’js^quently^sed.as.a.nanieJor, 

' the rehculimT'" 
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Figure 3.1. Location of the rumen and other parts of the ruminant stomach. The 
reticulum Is located behind the abdomasum and the omasum, just to the rear of 
the diaphragm 


The omasum is shaped gotnewhat l ike a csbbsse-and..is./iffe d. 
*^eayes” of flesh with-food^particles-befaveen them. There are about 
vJv£-difffirent heigh ts of thes e _foIds._ rang ing from one^fourtH^nclT^* 
less to 5Qme tba t..5!ljetcJ3 jjgarJy a cTA S s. tbg_ nrgaj). The cujJy pajt of the 
wall of the omasum t h at does not have th ese fol ds is the small food 
Pjssagej\vhich_runs_along _the internal side and connects the reticulum 
Md_the abom asum 

The abomasum has a structure and function similar to that of the 
single stomach compartment of swine and man. 

An additional interesting structure in the sto mach-p f .ruminants is 
'^h^icsophageal gro ove. T his is a double muscular f old which runs from 
the lower opening of the esoohaguLacioss-tb c wall ot’The reticulum to 
t he openin g injhe om asum.^ I n young calves , the sucking reflev causes 
th^esophageal^^XGliOJtlGse, and milk obtained by sucking is moved 
directly to the last two stomach compartments. Liquids drunk from a 
pail by calves apparently' flow more directly to the rumen and reticulum. 
The natu re of liquids consumed also affects the closing of the esophageal 
gr ^ve.~yor cxam pleTmnt ftehdslo cause it to close more effect ively’ tliarT* 
mature anim als, the csopha geaL groove-jnay^ be c1oscd~b\' ^ 
JSiilPS.ff..Qosc.ot.^pp cr su 1iatQ,jrhis is sometimes done in giving medi- 
^^es which need to bypass the nim cn to b e e ffective . 

j\noth cr unique feature of cattle and sheep is that they have no u pper 
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incisor or canine teeth G oats and some other niminants do have them 
Th e usual molars are present m cattle a n d sheep^ 

"“Parts of the digestive tract other tlian those mentioned are similar m 
rummants to those found in other species 


Function of the Ports of the Digestive Tract 


The rumen s er ves _as a large, fe rmen tation-Qr^di gestion-^at^and as a_ 
reservoir for food for cattle Varying amounts of water are always pres 
ent Feed consumption is a rapid process in rummants with only enough 
chewing when food is first eaten to moisten it with saliva so that it can 
be swallowed Upon arrival in the rumen, food is suspended in the 
watery contents It is mixed by the rhythmic contractions of muscles in 
the walls of the organ Lighter, larger particles of food float near the 
top, while heavier, smaller particles drop to the bottom and move to the 
lower part of the digestive tract 

During several penods of each da> . whenj he_animalj s at rest, sptL 
cific rumen contractions, co upled^vitlLjDov ements of th e ^chest _yv all, . 
force 'a'SoTus (or compact mass) of food into th e mouth-oLth e animal, ^ 
where it is thoroughly chewed This is co mmonlv-referred-to.a s_**chewing ^ 
the cua L^OuminatiD^ UTien'^ewing is completed, the bolus is re 
turned^ to the rumen for further digestion 

There are no known digestive secretions from th e rumen_ All digestiv e 
activity 10 this organ is pcrformed l^'m icroorganisms-which are present 
in extremely large numbers, up to JO billion per milliliter of rumen 
contents The_m a]Oc_digestive Un ctions are t hough ! tn b e camed_on b>. 
bactKia^ ^but there are large numbers of protozoa present which pe rform 
some functions^ Hesearch has shmvn that much of certain digestion 
products produced by the microflora are absorbed into the blood stream 
through the walls of the rumen— for example, most volatile fatty aads 

The reticulum The reticulu m is closely assoaated w ith_the_jrumejl_ 
and IS co nsideiedJiQ^ti a\^ a simi lar, fundToTT' Many people refer to the 
two compartments m the smgular as the reiiculo rumen 

The omasum The function of the omasum is not vvell understood It 
has b een shown that wa t er and some matenals m solution are a bsorbed, 
throug h Its walls food residues between the leaves of tissue are 

quite ^ and closely paclced, giving the organ a high degree of firmness 
This may be mistaken for an abnormality or impaction by thos*e not 
familiar with its normal state 

The abomasum As previously staled, the abomasum functi ons_ much 
the same in„niminants as the single st omach compartm ent, o f other 
animals, — 
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Microflora of the Rumen in Digestion and Synthesis of Nutrients 

The rumen microorganisms are entirely responsible for the ability of 
cattle an'3~btKrrruminMts to malc e use of hay, silages, and all fibrous , 
feeds^ Com plex carbohydrate materi als such as c ellulose are attacked 
by enzymes from _the-bacteria_andl!^br^^ down to_ materi als .called . 
volaiifejgttt/ acids. These acids are absorbed through the walls of the 
rumen and may account for as much as 70 per cent of the food energy 
available to the cow. ^ — 

In addition, the rumen microorganisms provide their host with several 
essential nutrients. Vitamins of the B complex are synthesized by rumen 
bacteria in quantities which make it unnecessary to include them in 
the diet. Amino acids necessary for normal function are also provided by 
these bacteria. Thus, the quality (kind and proportions of amino acids) 
of protein fed to ruminants is a matter of much less concern than it is 
for poultry and swine. Under favorable conditions, a significant portion 
of the needed protein may be formed by the microorganisms from nitro- 
gen in non-protein sources such as urea. 

The mutual-assistance activities of the ruminant in providing a home 
for bacteria, which in turn digest fibrous feeds, produce essential nutri- 
ents, and, indeed, are finally themselves digested by the host, is not 
only an interesting phenomenon but is extremely valuable in our food 
economy. 


NUTRITIVE REQUIREMENTS OF CATTLE 


Energy 

Energy, vvhich is defined as the ability to do work, i s a primary in- 
gredient~ln all feeding programs. It is essential fo r growth, movement, 
and, in the case of dairy cows, the secretion of milk . It is the element 
most frequently deficient in dairy-cattle rations. 

Tliere are several systems for stating the energy requirements of cattle 
and the energy content of feeds. Only those in common use in this coun- 
tr>’ will be considered. 

Tofnl digestible nutrients (TDN) is expressed in pounds per day 
when referring to animal requirements. It is expressions per cenT~or 
pounds per 100 pounds when referring to the amount present in a given 
feed. The TDN content of a feed can be determined only in a digestion 
trial uhere knoum amounts are consumed and the nutrient composition 
of the feed and feces as well as the amount of feces produced from the 
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feed are known. The formula used to calculate the TDN content of a 
feed is: 


Per Cent TDN 


/'D J. + D.C.F. + D.N.F.E. + (D F. x 2 23) > 
\ 100 lbs. of feed > 


xlOO 


In this formula DJP. = digestible protein, D C.F. = digestible crude fiber, 
D.N.F.E = digestible nitrogen-free extract, and D.F. = digestible fat 
Protein, an essential nutrient in all animal feeds, is discussed in the 
next section. Crude fiber and nitrogen-free extract represent t\so frac- 
tions of the carbohydrate material of the feed. Fat represents the food 
material that is soluble in ether, and is multiplied by 225 because there 
is 225 times as much energy in a ^ven weight of fat as in the other 
nutrients used m the formula. The amount of each of the above nutrients 
digested is determined by subtracting the amount present m the feces 
from that in the feed. 

An example of some of the calculations involved in determining the 
TDN value of a feed follows. 


Several steers eat 10 pounds of alfalfa hay per day aad excrete an average of 25 
pounds of feces 


CotnponUon Componbon Amount 




of' Hay 

of Feces 

Digested 

TDN 


(S) 

(lbs.) 

m 

(lbs) 

(lbs) 

(lbs) 

Water 

10 

10 

850 

2125 





Protein 

IS 

lA 

ZjO 

020 

1 00 

100 

Crude fiber 

30 

30 

52 

125 

175 

175 

Ether extract 

2 

02 

0i)4 

010 

010(225) 

22 

Ash 

7 

07 

2.0 

020 

020 

020 

XFE 

36 

36 

56 

140 

220 

220 



10 0 


25 00 


527 


Per cent TDN of this sample of alfalfa = X 100 s= 53 7. ! 


TDN values for concentrates and feeds not suitable for making up an 
entire ration are determined by feeding them in combmation ^vlth forage 
of known TDN content and calculating a value for the concentrate under 
study by subtraction. 

The TDN requirement for a specific function or species is determined 
by feeding matenal of knoAvn TDN content and measuring the response 
in terms of mamtenance and production. 

Digestible energy (DE) is defennined in a manner similar to TDN 
but ^ a some^vhat simpler procedure. The total energy of a feed is 
measured by burning it in a device, called a bomb calorimeter, designed 
to measure the heat of combustion. The total energy of the feces is de- 
tenmned m the same n-ay The energy -Khich duappeared in the animal 
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—which was not excreted in the feces— is called digestible energy. 

Digestible energy is designated by Calories or therms. The basic 
unit of energy measurement in Oiis system is the small calorie, 
which is the energy required to raise the temperature of one gram of 
water from 14.5®C to 15.5® C. The large Calorie, characterized by a capi- 
tal C, is the unit commonly used in expressing energy needs in human 
nutrition. It represents 1,000 small calories. A therm represents 1,000 
large Calories or 1,000,000 small calories. 

The evaluating of feeds by their digestible energy has seen only 
limited use in the United States in the past. Because of its more direct 
determination of Calories and the wider availability of necessary equip- 
ment, it will probably be used more in the future. 

Metabolizable energy is seldom used in describing the feeding of 
large animals but is mentioned so frequently that it should be under- 
stood. It is based upon the subtraction of energy losses in the feces, 
urine, and combustible gases (largely methane in ruminants) from the 
total energy in the feed. More of the energy not available for productive 
purposes is accounted for in this system than by TDN or DE. 

Net energy (NE)j while not used as a method of expressing nutritive 
requirements or feeding value in practical rations in this country, is the 
basis for a system which is so used at times. This is the most specific 
method of expressing energy requirements or feeding value. It involves 
determining energy excretion in the feces, urine, combustible gases, 
and heat increment— or work of digestion and assimilation— which is 
measured as heat given off by the animals body. The determination of 
NE is expensive and complicated, and only limited information is avail- 
able with respect to it on feeds. However, since it is the most specific 
measurement available, more usable information about it is needed. 
Considerable active research on determining NE values is in progress. 

Estimated net energy (ENE) values, developed by Morrison, are 
frequently used in expressing energy requirements of animals and con- 
tribution of feeds. Briefly, the method of determination is to compare 
carefully the productive value of a feed under study with that of com 
or other feed for which reasonably accurate NE values are available. 
Actual feeding trials must be used for this. The ENE value for the feed 
m question is calculated in relation to the production from it in com- 
parison with production from the feed of known energy value. 

ENE is used in establishing feeding rates in many instances. It is 
^Iso the method used in evaluating feeding programs for Dairy Herd 
^provement records processed by the electronic system developed by 
* ** discussed more thoroughly in Chapter 6. 

Each of the systems for evaluating energ)' may be used satisfactorily 
n developing rations for cattle, prox'ided both tlic requirements of the 
animals and the cncrg>» content of fecdstuffs arc expressed in the same 
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units A factor m favor of the ENE system is that it is much mote ac 
curate when one is comparing the feeding value of concentrates and 
forages and attempting to amve at the most economical ration The 
difficulty with the TDN and rdated systems is that th^ tend to over 
evaluate forages in comparison to concentrates This is so because there 
are more losses in combustible gases and m the work of assimilation for 
forages than for concentrates 

In the United States feeding standards which contain tables of nutri 
ent requirements or allouances for dairy cattle and other animals fre 
quently hst energy allowances m more than one form Table 3 1 contams 
information on energy requirements in TDN and DE for dairy cows of 
different weights Sunilar information for calves and heifers is presented 
m Chapter 6 

Because of variation m energy content between feeds from different 
areas and between different Jots 10 to 15 per cent more energy should 
be allowed under most farm conditions than is called for m Table 3 1 

Energy allotcances jor mamtenance Amounts of energy required to 
maintam the weight of mature animals are presented m Table 3 1 People 
closely associated with the feedmg of dairy cattle find it helpful to 
keep in mind a few representative values as aids in evaluating dairy 
cattle rations It may be noted from Table 3 1 that 7 pounds of TDN are 
required daily for mamtenance for a cow weighing 1 000 pounds This 
IS increased to 8 pounds of TDN for cows weighing 1^00 pounds Co\vs 
weighing 1500 pounds need about 95 pounds of TDM Cows m poor 
fiesh need some feed in addition to the usual allox^'ance for maintenance 
Cows in the first or second lactation should be fed enough for adequate 
growth The requirements for growth given m Table 6 1 may be used 
for these animals or about 4 pounds of TDM per day may be added 
to the figures m Table 3 1 Grazing cows may require up to 40 per cent 
additional energy for maintenance on account of their extra activity 

Energy allowances for lactation A major portion of the energy needs 
of high producing cows is for milk production Energy requirements for 
each pound of milk produced are set forth m Table 3 1 Milk of high 
fat content requires appreciably more energy About 15 per cent more 
energy must be supplied for the production of a pound of milk contain 
mg 4 5 per cent fat than is needed for a pound of 3 5 per cent milk A 
good value to remember when calculabng rations is 0 32 poimds of TDM 
for each pound of milk containing 4 0 per cent fat 

Adequate supplies of ener^ are particularly important during the 
very early part of lactation Frequently, high producing co\vs are un 
able to consume enough energy to support their capaaty for production 
During this penod energy mtake should be increased as rapidly as pos 
sible while still maintauung good feed acceptance by the cows 

Additional allowance for pregnancy The total energy requirement 
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for pregnancy is not large, but allowance must be made for this im- 
portant work of the cow. The usual recommendations are to supply the 
amounts of energy indicated in Table 3.1 during the last two or three 
months of pregnancy. Cows in good flesh may need somewhat less than 
the amounts listed. Cows in poor flesh should be given more. 

Protein 


Protein, or substances from which protein can be synthesized by bac- 
teria in the rumen, is essential for tlie formation of tissue in growth, for 
the maintenance of these tissues, and as a source of the proteins in milk. 
There is no protein requirement for exercise or work. Excess protein is 
easily metabolized by the body for energy purposes and may be utilized 
directly or stored as fat. For this reason it may be economically sound 
to overfeed protein in instances where it is cheaper than other energy 
sources. Dairy cows can make use of protein equivalent from urea or 
other nitrogen sources for up to one-third of their protein in a ration 
well balanced in regard to other nutrients. 


Measurement of protein. The protein content of feeds is determined . 
,.hyj;heinical~analysis»which^m.easures the ifl ^pgep^present.^Sinceliito(> 
gen occurs in a constant percentage of specific proteins, it is possible to 
calculate the amount of protein in a feed from this value. It is g^erally,^ 
assumed t hat the nrotein'^r'cQmmoh'Teedstutfs contains JlS.O per cent 
nitroge n. Th us, multiplying the ^ePcent^ of ni&ogen in a feed by 6.25.. 
gives the per cent of protein. Protein values obtained by the above 
method are referred to as “crude protein,” since nitrogen from other 
than true protein may be induded. Frotein values shown on feed tags 
and commonly expressed for forages are for crude protein. 

Feeding recommendations for livestock are usually expressed a s “di- 
g estjble protein.” The method of determination is mentioned in the 
discussioiTof TDN. Most tables of feed composition similar to Table 3.2 
include digestible protein as well as crude protein. 

flccommcncfcrf afloicances of protein for growth of calves and heifers. 
Hie quality as well as the quantity of protein must be considered for 
young calves, which are in reality non-ruminants. After the age of four 
io six weeks, or whenever the calf starts ruminating, the quality of pro- 
tein becomes less important. Milk supplies the best protein for the baby 
calf, but research workers have developed some satisfactoiy substitutes, 
ns ii pointed out in the section on calf feeding, where a more complete 
tlisctission is presented. 

Recommended al/oironces of protein for maintenance. Table 3.1 con- 
tains information on tlje Ie\cls of digestible protein required for main- 
taining mature animals. Digestible protein needs var>' more directly 
"ala body weight than do cner^' needs. A cow' weighing 1,000 pounds 
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needs about 0.60 pounds of digestible protein per day. A 1^00-pound 
cow should have 0.70 pounds and one weighing 1,500 pounds, about 
0 85 pounds. 

Recommended alloicancea of protein for lactation. The utilization 
of feed protein for milk is one of the most efficient biological processes 
known. Approximately 83 per cent of the digestible protein allowed 
for milk production in a well-balanccd ration is secreted in the milk. 
An average figure to remember is that 0045 pound of digestible protein 
is required for each pound of milk containing 4 per cent fat. The require- 
ment is 0040 pound digestible protein for milk containing 3 per cent 
fat and 0.050 pound for milk containing 5 per cent fat 
Additionol allowance of protein for pregnancy. Just as additional 
energy is required to support pregnancy, some extra protein is necessary. 
As indicated in Table 3 1, the equivalent of approximately 0.60 pound 
per day for the last two or three months of pregnancy should be supplied. 

Fat 

Si/»/ems of measuring fats. Fat in concentrates and forages is de- 
termined by_fixtractio n bv ether or other subst anc es whic h readily dis; 
solve It. In addition to true fat, pigmtmts and”other materials »e dis- 
sblved. In many forages, the pigments, which include carotene, chloro- 
phyll, and xanthophylb, make up the major portion of the extracted 
material. Because of this, the term ether extract is frequently used in 
place of the word fat and is more correct. 

Recommended allowances of fat for calves and heifers. There is 
a definite requirement for fat in the diet of the young calf. In some 
experiments, a diet with as little as one to hvo per cent fat has provided 
reasonably good results. One need is for a “carrier'’ for fat-soIuble 
vitamins. 

Milk fat is ideally suited for the young calf. Other animal fats and 
hydrogenated vegetable oils may be used successfully as substitutes. 
Natural vegetable oils are not recommended as the source of fat in calf 
rations. 'The amount of fat in milk is ample for calves. Average milk 
contains 28-30 per cent fat on a dry-matter basis. The milk of high- 
testing breeds may contain more fat than is desirable for greatest suc- 
cess in raising calves. 

Milk leplacers (feeds designed to replace milk during the early 
weeks of the life of the calf) conlaimng 10 to 12 per cent fat on a dry- 
matter basis have been quite successful. One-half of this amount or 
less has proved satisfactory in experimental raUons. 

Supplying fst in the ration of heifers after the rumen has become 
funcbmal is not a problem. Normal raaons apparently contain ade- 
quate amounts. 
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Recommended allowances of fat for maintenance, lactation, and 
pregnancy. Fats occurring naturally in usual rations appear to be 
adequate to provide for maintenance and lactation in ruminants. 

Fat for milk production and body needs can be produced within the 
animal’s body from the digestion products of carbohydrates. Unless 
energy can be purchased cheaper in the form of fats than from other 
sources, there is little economic advantage in feeding concentrates con- 
taining fat in addition to what is normally present. 

Minerals 


Methods of measurement. The total mineral content of feeds is 
determined b y burning the feed and wei ghing the ash. This method, 
while used almost universally, includes some impuntles.' (Quantities of 
individual minerals are _detennined— bv-»chemical.,methods— which~are^ 
jpe cific for them. T he mineral needs of cattle are determined similarly 
to those for other nutrients, that is, by feeding adequate rations except 
for the mineral under study and determining how much must be added 
for normal function. 

Recommended allowances of minerals. Some 15 mineral elemen ts, 
have been shown to be essendal in aninial n\^itjo^^^d,th^eIare-probj^ 
all neede d" by dairy ca'ttle. '^Most**of these' elements occur in ade- 
quate amounT.s'Tn'~UsuaTfdeds^3 are not of serious concern. 

Common salt^ phosphorus, and calcium should always be considered 
in developing rations for dairy cattle. Suggested daily amounts of cal- 
cium and phosphorus are included in Table 3.1. 

The requirement for salt by growing animals is usually adequately 
supplied by adding one per cent salt to the concentrate mixture and 
providing, free-choice, a source of salt after the calf is a few months 
Old. Mature lactating animals need about one ounce of salt each day. 
This may he supplied by the above methods. 

Cobalt has been found to be deficient in the soil in some areas of 
he United States. Forages gro\vn in these areas lack sufficient cobalt 
or normal ruminant nutrition. In places where cobalt supplementation 
5 needed, 2 ounces of a cobalt salt per ton of feed is sufficient. Iodine 
^nust also be added to the diet in large areas of this country. This is 
particularly true around the Great Lakes and throughout the north- 
''■estem section of the country. This clement can be supplied cheaply 
oy feeding iodired salt. 

^ relative dcficlcnc)’ of magnesium occurs in feeds grown in x^irious 
counlrj'. Animals maintained on these feeds exhibit a tv-pical 
ejany when exposed to stress. Additional magnesium in the diet is 
* al\va)“s eflectivc in preventing this condition. Much more accurate 
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information on this condition is essential before satisfactory recommen- 
dations can be made. 

Crops grown on very sandy or badly leached soils may be deficient 
in a number of minerals. Under these conditions, many of the essenh'al 
minerals may need to be added to usual feeds. IVhen desired, adequate 
mineral supplements can be added to the concentrate mixture for a 
few cents per ton. There is no need to purchase high-priced mineral 
supplements. 

Vilomins 

Vitamins are required by all animals to help cany out the reactions 
necessary for the body's metabolism. Only minute quantities are needed 
in relation to the amounts of other nutrients. 

St/ricms for measuring citamins. Many vitamins can be measured 
by specific chemical and physical techniques, but biological methods 
are frequently employed. These mvolve feeding the material in ques- 
tion to bacteria, or in other cases to specified test animals, and measur- 
ing the response in terms of total growth, bone formation, or other 
changes. Requirements for vitamins are established in a manner similar 
to that for minerals. 

Specific citamins needed. 'The B-complei vitamins have already 
been menhoaed as being synthesized by bacteria in the mature rumen. 
Vitamins A and D must be supphed to all ruminants from outside 
sources. Vitamin C is produced in adequate amounts by the tissues of 
cattle. ^\’hen eaten, this vitamin is destrcyed in the rumen. 

Vitamin E is associated with normal muscle metabolism and may 
play a part in controlling oxidized flavors in milk. 

Vitamin Bi- is important in preventujg certain types of anemia. It 
may be deficient in animals not receiving sufficient amounts of cobalt 
This mineral is an essential part of the Biz molecule, and if cobalt is 
not present, normal amounts of Bi* will not be sjTithesized. 

Quantitative requirements of cows for carotene are listed in Table 3.1. 
A dietary requirement for Vitamin E in cattle rations has not been 
established. 

Vitamin A as such is found only m animal tissues or products sudt 
as milk. The pigment carotene, occurring in plants, is converted to 
vitamin A in the animal body. ’Hie recommended allowance of carotene 
for all cattle is approximately 6 mflligrarns (mg.) per 100 pounds live 
weight per day. Additional carotene should be prcmded for the last 
few months of pregnanc>' m the amount of 30 mg. per day. The amount 
of carotene m the ration directly affects the amount of carotene or 
v*itamm A found in the milk. 

Vitamin D. Nonnally, vntamm D is supplied in adequate amounts 
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by sun-cured forages or by exposure of the animal to sunlight. Chemi- 
cals in the skin are converted to vitamin D by action of ultraviolet light. 
Under usual farm conditions, vitamin D supplies are not a problem. It 
may be profitable to supply 400 International Units of vitamin D per 
100 pounds live weight to young calves if they are not exposed to sun- 
light. This is undoubtedly a generous allowance. 

Water 

Water is the cheapest ingredient in dairy cattle rations but of utmost 
importance. Mature cows consume an average of 12 to 15 gallons of 
water a day and high-producing ones up to twice this amount. Ready 
access to water is important. Cows with water constantly available 
hav e been sho wnjo^p roduce nibre mit k than t hose Wat e red lwi ce„a7,day_ 
and over 10 per cent more than those watered once^a day. A. source of 
^ean \^tef~is^lsgimportant'fpr-the growth of animalS;. 


NUTRIENT CONTRIBUTIONS OF FEEDS 


The nutrient content of a selected list of the more common forages and 
concentrates is given in Table 3.2. It should be remembered that these 
are average figures, and indivdual samples of a feed may vary con- 
siderably. Knowledge of the nutrient content of feeds is essential if 
selections of adequate rations to fit the needs of dairy cattle are to be 
made. 


Forages, sometimes referred to as roughogeSf in general comprise the 
veg etat ive pa^of_plants_fed_to_l ivestock. Common materials arejjay^ 
oay-^op s ilage, corn^ sila g e, and pasture crops.^ These feeds are char- 
actenz^d by being tuikyj.high_inJiber,.aDdJowJn_energy as compared 

"ith concentrates. ^ 

Concentrates are so called because of their relatively higher energ y _ 
intent in relation to forages. Th e common grains^ontain.Jrnm..j(L.tQ_ 
^2.RSiL£?ilLTUNJSeeds or by-products high in fat contain more energy, 

^ Soing above 100 per cent TDN because of a lot of fat. By- 
J^^2!^^^^~Qf~tlie.-P»pces5ing^,f.^atn5_f br^ human consumption arc jalso. 

many are very profitably included in 
ra ions for cattle. Protein-rich grains and by-products are also included _ 

concentrate feeds^^ ' ^ 


t^rdcrlinc feeds which are difficuU to characterize in cither of the 
^ groups include pat hull s^apd oth CT lo\v-grade _prod»cts^vhi(di are_^ 
'cd from grains or^^jcr^atcrials du ring processing. Some of these 
aterials ore frequently sold as concentrates but have a feeding value 
rioser to forages. 
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Energy Content of Feeds 

The section on nutrient requirements includes a discussion of several 
systems of expressing requirements and listing the energy content of 
feeds The TDN and DE systems are included in Table 35. 

The numerical values expressed for the energy values of feeds are 
quite different for these tuo systems. It must be remembered that TDX 
is expressed in per cent or pounds per 300 pounds of feed, while DE 
IS expressed in therms per pound of feed. It is well to remember that 
the energy content of grains is between 70 and 80 pounds of TDN per 
100 pounds. Grain by-products which contain the germ or are Io%v in 
fiber tend to be higher in TDN. 

When used for forages, the ENE system frequently provides a closer 
approximation of true feeding values "niis is because ENE accounts for 
the higher losses in rumen fermentation and metabolism which occur 
with forages. 

The rang e jjf CTe rg y values for_d ry..foTages.is wde^ as may be seen 
in 'Jab]F35, Species plays a part here, but the most important factor 
is date of harvest Early-cut forage has a much higher feeding value than 
mature forage from the same field T he energy values fo r silages and 
pasture afeJ«?w becaus e of the large amoun t of watCT in thes^eeds. ““ 

Hays, silages, and pasture plants of a given variety harvestei3 at the 
same time will have a similar nutnent value on a dry-matter basis if 
they are not unduly damaged in harvesting or storage. 


FOOTNOTES TO TABLE 3.2 

• In calculating the values for total digestible mitnenti, no digestion coelHaents were 
available for a few of the feedstuffs 

DE (digestible energy ) may be converted to metabolizable energy by multiplying by 
82 per cent 

Tbe committee on Animal Nutrition is indebted to Professor F. B Momson for the 
use of data from the 22od Edition of Feedj and Feeding on the composition of 
roughages, silages sad cereals presented in this table The data on the compontion 
of by-product feeds were supplied by the Committee on Feed Composition of the 
National Research Council (NRC Pub No 449, 1930) The digestion coefficients 
used in calojlating the digestible prot«n and TDV were also taten, with Professor 
Morrison's permission, from the 22ai Edition of Feeds and Feeding These are based 
in part on the ertennse compilatson of digestion coefScients in Feeds of the World 
(W Va. Agr Expt- Sta., 1947), which was prepared by Dr B H. Schneider at the 
request of the Committee on Animal Natntion. 

Taien from National Research CounriL PoUication 4ft4, N’ufrftice Regulrements of 
Dairy Cattle Revised 1958 With PennJssion of The Morrison Publishing Company. 
Clmton, Iowa. 
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Protein Content of Feedf 

See Table 3.2 for average values in regard to the protein content of 
feeds. As mentioned earlier, the protein needs of animals ate expresse 
as digestible protein, while total protein is often the opV value avad- 
able for a given lot of feed. An approximation of the digestible protein 
in a specific lot of feed may be obtained by comparing it with the value 
for average feeds of the same type and total protein content m Table 3.2 
AUowance should be made for the type and age of animal for which 
such approximations are made. For example, ptote i n r oms^e^ e 
sources is not well util ized by young calves whe n mcluded^m jdl 

Forages vary a great deal in protein content. Legumes, which include 
alfalfa, all clovers, lespedeza, soybean, and peanuiniaj^s, ar£j:elatiye}> 
high in this nutrient. Grasse s usually contain less th an half as imc . 

“pror^" aT le^mes. H^ever, it grasses are g eve. 

'ofn^gen. they may approximate legumes in protein content. The 
protein content of plants harvested for hay decreases with matun^ 
and becomes very low at the seed stage. The digestibility ° ® 

in forages also decreases with the maturity of the plant, so t a yerj 
late-cut hay may have an extremely low content of digestible protem 
Concentrates exhibit greater variability hi ^roten^nt^t J^^d( 
forages. Several concentrate fe^s, particularly those made xom see . 
TfOfiTwhTch the oil has been extracted, are high in protein (soyb^JhHS 
cot^ed meal , linseed meal). These are commonly used to bring uj 
the protein content of a mixed feed or a total ration to supp ement 
the protein contained in forages. In general, grain 
richer in protein than the common small grains. Bec^^^j^the^a 
of the Tu mpn tn required_amino acids, any smglg^p^rce^ 

hatural^rotein-OT-one containin g^_toJ3(LpeL.cen t of the total ration 
from u rea o^^other^ synthetic ptotein-is-adequate„f pr^Mtrie^ 


Fat Content of Feeds 

The fat content of feeds is not a problem in ruminant feeding, and this 
nutrient is of minor concern. In forages much of the ether extract is 
composed of pigments such as chlorophyll and carotene rather than 
true fat. Present methods of processing remove all but a small portion of 
fat from the oil-seed meals. 

In some instances, feeds high in fat or waste fats from plant processing 
may provide economical sources of energy. Animal fats are recommended 
at only low levels in rations for mature ruminants because of poor ac- 
ceptability. 
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Mineral Content of Feeds 

Minerals of major concern in ruminant feeding are calcium, phos- 
phorus, and common salt Other minerals required by ruminants are 
usually found in sufficient amounts in typical rations. Hcnvever, there 
are specific area deficiencies in parts of the world where plants do 
not contain sufficient amounts of trace minerals and supplementation is 
necessary. Salt is inadequate in nearly all feeds and they must be sup- 
plemented with it. High-quali^ forages tend to be the best sources of 
calcium, whfle most of the natural phosphorus in ruminant rations is 
suppKed by concentrates. 

Forages are quite low in phosphorus, as indicated in Table 3.2. Plants 
grown on sods low in phosphorus or harvested at advanced stages of 
maturity are lacking in this demenL In contrast, legume forages are 
relatively rich sources of calcium. Grasses are appreciably lower in 
calcium, containing one-thfrd to one-half as much as legumes. Calcium, 
while reduced in mature forages, is not affected as severely as phos- 
phorus. 

Concentrates vary somewhat in their contributions of calcium and 
phosphorus. Cereal grains contain a fair amount of phosphorus but axe 
poor contributors of calcium. Several of the by-product feeds, par- 
ticularly wheat bran and middlings, are important sources of phosphorus. 
The oil-seed meals are also good soxurces of phosphorus but are loxv in 
caldutn. 

Vitamin Content of Feeds 

Vitamin A, as supplied by Its precursor carotene, is the vitamin of 
most concern in rations for mature nuninants. The carotene content of 
several feeds is shown in Table 3.2. All forages which exhibit some 
green color contain carotene, and if some color is still present in bay 
or silage, it will usually supply adequate amounts of carotene. However, 
degree of green color does not always indicate the relative amount of 
carotene present Yellow com also serves as a source of carotene. 

Vitamin D is found in adequate amoimts in plant products only 
after exposure to sunlight after normal life processes have stopped. 
Sun-cured hay, while v’aiying a great deal, contains appreciable amounts 
of vitamin D. 

Feed Additives 

A great many substances other than naturally occurring plants and 
their by-products are frequently offered for use in rations of dairy 
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cattle. A number of these are listed below with comments as to their 
nutritive worth. 

Urea or other simple sources of nitrogen. Useful when fed as recom- 
mended in the section on practical rations. 

Vitamin A or D preparations. Useful when a deficiency is present 
and in rations for young calves. 

Hormones. Not shown to benefit dairy cattle, except possibly thyroid- 
active materials under very specific conditions. 

Yeasts. Not shown to benefit dairy cattle, except irradiated yeast as a 
source of vitamin D, 

Complex mineral mixtures. Of value only in geographic areas where 
deficiencies occur. 

Enzyme preparations. Present research information shows no benefit 
for dairy cattle. 

Rumen bacteria preparations. No benefit demonstrated by present 
research results. 

Feed flavoring agents. Present research information indicates little or 
no effect on intake by dairy cattle. 

DEVELOPING PRACTICAL AND ECONOMICAL RATIONS 

The task of developing practical and economical rations may be 
defined as one of evaluating all the nutrient needs of the animal in 
question and filling them from feeds which are palatable, provide 
necessary physical characteristics, and are the least expensive available. 
Considerable variation in rations for dairy cows is possible owing to 
the versatility of the rumen microorganisms in synthesizing nutrients 
needed by the host animal. 

Rates and Types of Forage Feeding 

Forage forms the basis of all ruminant rations, and minimum amounts 
are essential for normal function of the digestive tract of dairy cattle. 
In some areas, energy from forages is cheaper than that from concen- 
trates. Here it is common practice to allow free access to them and to 
supply supplemental nutrients from concentrates. Under this system, 
forage consumption will vary widely. If poor-quality material is pro- 
vided, as little as one pound per 100 pounds of body weight per day may 
be eaten. When high-quality, early-cut forages are available, consump- 
tion may reach three and one-half to four pounds per 100 pounds of 
body weight per day. Interestingly, recent research observations indi- 
cate that free-choice consumption of forages is closely related to nutrient 
content. This means that more energy is available from each pound of 
forages eaten at high rates than from those less readily eaten. 
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The most reliable method of obtaining estimates on rate of con- 
sumption of a given forage is a feeding trial. Reasonable estimates may 
be made by experienced cattle feeders with a good understanding of 
forage quality. Accurate records of the amount of forage actually con- 
sumed are essential. 

Date of harvest appears to be a critical factor in forage quality, par- 
ticularly for the first harvest in the spring. Research data indicate a de- 
cline in dry-matter digestibhty of approximately 05 per cent per day 
for forages during the period of first growth. 

In some instances there appears to be an advantage in feeding pro- 
ducing cows a few pounds of fop-quahty forage each day. 

When forages are in short supply or expensive, it may be profitable 
to reduce their intake and feed additional concentrates. However, re- 
ducing forage consumption below 10 to 12 pounds of hay-equivalent per 
head per day may result in the cow going off feed, with a drop in pro- 
duction and also decreased fat percentage in the milk. 

All forages fed to lactating cows, whether home-grown or purchased, 
must be free of pesticides which may occur as residues in the milk. 

Silage versus hay for dairy cows. Com silage is well liked by cattle 
and may be fed in large amounts. Some dairymen successfully supply 
nearly all the forage in this form. Hay-crop silage, when of good quality, 
is well liked by cattle and may also be fed heavily. Some research has 
Indicated that better forage consumption and production are obtained 
when considerable hay is offered along \vith grass silage. Even \vith 
highly palatable com silage, five or six pounds of additional forage dry 
matter will usually be eaten each day if some dry hay is offered. 

In comparing the feeding value of silage and hay, one pound of hay 
is usually considered equivalent to three or three and one-half pounds 
of silage. This is to allow for the difference in moisture content. 

Pasture for dairy cattle. Fresh green pasture forage is highly palat- 
able to dairy cattle and is an economical source of nutrients. Production 
is well supported by good pastures. However, rapidly gro\nng pasture 
may be so high in water content that it supplies inadequate nutrients 
even though the cows are full. Frequently, as hot weather approadies, 
pastures stop growing and supply only limited feed. Under both of 
these conditions, supplementary feeding is important to maintain pro- 
duction. The activity of cows on pasture increases the energy required 
for maintenance in proportion to the amount of work involved. As much 
as 40 per cent increase in maintenance requirement may occur. 

Green chop or soiling for dairy coict. The practice of chopping 
green feed and hauling to dairy cows has created considerable interest. 
This provides a satisfactory' source of forage if the fresh material is 
handled so that it does not heat or ferment The economical use of this 
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practice depends upon whether the additional 20 or 30 per cent of 
nutrients harvested from a pasture crop pays for the labor, equipment, 
and management factors involved. 

Rates of Feeding and Types of Concentrates 

The function of the concentrate portion of a dairy ration is to supple- 
ment nutrients supplied by forages. Energy, protein, and minerals are 
the nutrients usually considered. 

Determining energy needs. The need for supplemental energy usually 
determines the amount of concentrate to be fed. The amount of energy 
needed in the concentrate may be expressed in several ways. Katios of 
concentrates to total milk produced are unreliable and overfeed low 
producers while not providing enou^ for high producers. Calculations 
based upon maintenance requirement, amount, and fat test of milk, as 
shown in the section on sample rations, may be used. Perhaps a sounder 
way of determining concentrate needs is to feed at the rate of one 
pound of concentrates to each two to two and one-half pounds of milk 
produced, in addition to that supported by nutrients from forage, 
Underfeeding of energy to dairy cows is probably the most frequent 
nutrient deficiency observed in this field. The response of the individual 
cow is extremely important in arriving at the most economical level of 
concentrates to supply. Table 3.1 shows the average requirement for 
energy to produce milk. The actual utilization of energy for this purpose 
is probably more accurately expressed by Figure 2.8, page 37. It may 
be seen here that, at higher feeding rates, as the level of intake increases, 
there is a diminishing rate of return in milk production. 

The most profitable level of concentrate feeding for a given cow is at 
the rate where the last increment of concentrate is just more than paid 
for by the milk produced as a result of its inclusion in the ration. Con- 
trolling feeding to this degree requires intensive management and close 
attention to the program. 

Determining protein needs. Protein levels to be fed are calculated 
in a manner similar to energy levels. Knowledge of the amount of con- 
centrate to be fed and the amount of protein needed makes it possible 
to calculate the percentage of protein needed in the grain mixture. 
Sample calculations are shossm below. Concentrate mixtures are usually 
made up to contain 12, 14, 16, or more per cent of crude protein. In 
calculating the protein content of rations, the significance of digestible 
and of total protein should be kept in mind. 

A good point to remember is that an entire ration of forage and con- 
centrate containing 11 to 12 per cent total protein will usually be ade- 
quate for dair>’ cows. Under practical feeding conditions, it is seldom 
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necessary to employ a concentrate ration above 16 per cent in protein, 
cxcqjt when com silage or other highly palatable forage low in protein 
is fed. hiost forages low in protein (except com silage) will be poorly 
consumed, and if enough energy is supplied in the form of a concen- 
trate mixture containing 16 per cent protein, this nutrient \vill also be 
adequate. 

Mixtures containing 12 per cent protein, or less, are recommended 
for cows fed: (1) early-cut legumes (hay or rilage) \vith or without 
com silage, or (2) legume pasture or an excellent growing grass pasture. 
As soon as grass pasture be^ns to mature, change to a higher protein 
mixture. 

Mixtures containing 14 per cent protein are recommended for cows 
fed: (1) part legume and part non-legume hay or silage, or (2) on a 
mbced grass-legume pasture where the grasses are in bloom. 

Mixtures containing 16 per cent protein are recommended for cows 
fed: (1) non-legume hay or sdagc, or (2) grass pastures past the bloom 
stage. 

Mixtures confaming 18 to 20 per cent protein are recommended for 
cosvs fed: (1) com silage as the principal forage, or (2) highly palatable 
but low-protein non-legume hay or other forage. 

In many instances where legume forages are used, the protein needs 
will be exceeded by the forage alone. In these cases any concentrate 
source to provide energy is satisfactory if it is palatable. There is no 
danger to the animal in overfeeding protein. 

Urea and similar sources of nitrogen may be iwed to supply a portion 
of the total protein requirements of ruminants. Care should be taken 
that urea is uniformly mixed in the feed. It should supply not over 30 
per cent of the total protein equivalent consumed. Urea should not be 
included in amounts exceeding three per cent by wei^t of a mixture, 
to be fed dairy cattle, or five per cent m a piotem concentrate designed 
to be mixed with other grains. 

The specific ingredients to be used in a concentrate mixture can vary 
widely. Cost should be one of the major deciding factors. Frequently 
mixtures utilizing large amounts of grain groixm in the local area are 
most economical. 

Determining mineral needs. The usual recommendation for supple- 
mental minerals m a concentrate mixture is one per cent common salt 
and one per cent steamed bone meal or dicala'mn phosphate. Salt and 
a source of calcium and phosphate may also be supplied frec^Jioice 
In areas svhere specific deficiencies exist, trace minerals may be added. 
If economical sources are used, all the trace minerals needed by cattle 
can be supphed for a feiv cents per ton of concentrate mixture. 
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CALCULATING RATIONS 

As previously stated, calculating practical rations for cattle consists 
of establishing the nutritive requirements and adjusting the amounts of 
available feeds to supply them. The following examples show a simple 
method of doing this. Table 3,3 contains a tabulation of the relative 
amounts of nutrients which should be present in the rations of mature 
dairy animals. 


TABLE 3.3. NUTRIENT CONTENT OF RATIONS 
FOR DAIRY CATTLE “ 

(Based on air-dry feed containing 90 per cent dry matter.) 
Per Cent of Ration or Amount per Pound of Feed 



Total 

Feed 







Body 

Daily 

% of 

Digestible 






Weight Feed 

Wgt. 

Protein 

TDN 

DEb 

Ca 

P 

Carotene 


(lb.) 

(%) 

(S) 

($) (therms/lb.) 

(%) 

(%) 

(mg./lb.) 




Maintenance of Mature Cows 




800 

12 

1,8 

3.6 

SO 

1.01 

0.12 

0.12 

2.3 

1000 

14 

1.6 

3.7 

50 

1.01 

0,12 

0.12 

2.5 

1200 

16 

1,5 

3.9 

50 

1.01 

0,12 

0.12 

2.7 

1400 

19 

1.4 

3.8 

50 

1.01 

0.12 

0.12 

2.7 

1600 

21 

1.3 

3.8 

50 

101 

0.12 

0.12 

2.8 




Lactatlog Cows 








6.5 

60 

1.21 

0.30 

0.25 

1.2 




Maintenance of 

Breeding Bulls 




1200 

18 

1.5 

58 

53 

1.17 

0.12 

0.12 

2.7 

1600 

22 

1.4 

5.5 

58 

1.17 

0.13 

0.13 

2.9 

2000 

27 

1.3 

5.4 

58 

1.17 

0.13 

0.13 

30 

2400 

31 

1,3 

5.2 

58 

1.17 

014 

0.14 

3.1 


‘Taken from National Research Council. Nutrient Requirements of Dairy Cattle. 
Publication 464. Reused 1958. 

DE (digestible energy) may be converted to metabolizable energy by multinlyinc 
by 82 per cent. 


Example 1 

Assume tliat you need a feeding program for a herd of cows averaging 
14^00 pounds in weight and producing an average of 45 pounds of milk 
per day. Forage n\*ailablc consists of average alfalfa hay and good- 
tiualtly com silage. Enough is on hand to feed 15 pounds of hay and 
40 pounds of silage per head per day. Requirements for TDN, DP, 
minerals, and carotene arc taken from Table 3.1. TDN for maintenance 
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TDN 

DP 

Ca 

P 

Carotene 



(Ib.) 

(Ib.) 

(gm*) 

(gm*) 

(mg.) 

REQUIRED 


224 

2.7 

55 

42 

43 

DESIRED *> 


25Xi 

30 




FEED 







Kind 

Amount 







(Ib.) 



(Ib.) 

(Ib) 


Alfalfa hay 

15 

76 

1.6 

022 

003 

123 

Com silage 

40 

75 

05 

004 

003 

232 

Supplied from forage 


14 9 

2.1 

028 

000 

355 

Concentrate mixture 
(5 725 TDN' and 655 DP 

H 

10.1 

0.9 

004 

004 




230 

30 

050 

010 



■ One pound 454 grains so 45 grams = Mo pound. 

•> Feeding 10 to 15 per cent above mfnmmm requirements for energy and digestible 
protein wfU be proStable in most eases. 


is 8.0 pounds per day: for milk production, 14.4 pounds per day; total, 
22.4 pounds per day. Requirements for other nutrients are calculated in 
a similar manner. Nutrient contributions of each feed are from Table 3S. 

The amount of concentrate needed may be calculated by dividing 
the amount of TDN desired, but not supplied by forage, by the TDN 

content of the concentrate, as in the example; X 100 = 14 pounds 
of concentrate needed. 

The percentage of digestible protein needed in the concentrate may 
be calculated by dividing pounds of digestible protein desired, but not 
supplied by forage, by the pounds of concentrate to be fed. From the 

example: ^ digestible protein needed in the con- 

centrate mixture. 

A \ride variety of ingredients may be used to provide suitable con- 
centrate mixtures. Figure 3.2 is a work sheet which may be used to 
develop mixtures utilizing locally available feeds. 

Calculating a concentrate mixture to fit the requirements in the above 
example might be done as follo\s-s; 

PrOteSn 



Amount 

TDN 

Total 

DP 

Ca 

P 

Ground sbeQed com 

860 

6SS 

75 

57 

05-2 

023 

Ground barley 

500 

388 

63 

50 

053 

020 

%\'beat bran 

400 

264 

64 

52 

56 

458 

Cane molasses 

ZOO 

109 

6 

4 

1.78 

016 

Isodized (mineralized) salt 

20 

— 

— 

“ 


— 

Dicalaum phosphate or 







streamed bone meal 

20 

— 



550 

2.72 


2000 

1449 

208 

163 

819 

7.99 



7245 

2045 

815 

045 

0 4i 




60 



TABLi: 3 *5 EXAMPLES OP ADEQUATE lUTIONS FOIl LACTATION • 

protrin TON DE ^ Cnlciuni I’liosphoros C irotcnc 
Ob) (lb) (tbcrms/lb) (gm) (gm) (mg) 
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It should be noted that the calcium and carotene requirements are 
covered by the forage; thus, additional amounts are not necessary in 
the concentrate. However, additional phosphorus from the concentrate 
is needed. 

The protein content is adequate from the natural grains. If this were 
not the case, a high-protein feed such as soybean meal should be 
included. 

Table 3.5 includes several rations which will provide adequate nutri- 
tion for dairy animals. 


Determining the Most Economical Ingredients 

In many instances it may be necessary to purchase some or all of 
the ingredients used in a concentrate mixture. Table 3.6 contains in- 
formation on the relative value of several feed ingredients based upon 
their energy content. Ground shelled com is used as the basis of com- 
parison. To find the value of a particular feed in relation to com, look 
at Table 3.6 and find the column headed by the figure that is nearest to 
the current price of com. Then read straight down to the line for the 
feed in question. If the price shown in the table for the feed in question 
is higher than the market price for that feed, it is a better buy than 
com. If the price in the table is lower than the market price, com is 
the better buy. By checking several feeds in this manner, the most eco- 
nomical ones on an energy basis can be found. Current market prices 
can be interpolated between those given in Table 3.6. 


Determining Whether Forages or Concentrates Are A Better Buy 

There are a number of situations where a dairyman must decide 
whether to use forages or concentrates to complete a ration. After the 
minimum needs for forage have been filled, the decision as to which 
to use may be based on the cost of energy from tlie two sources. Table 
3T contains information which is helpful in making this decision. To 
find the value of a particular forage in comparison with an average 
grain mixture (72 per cent TDN), locate the column in Table 3.7 
closest to your cost of an average grain mixture. Read down to the line 
representing the forage. If the value in the tabic is higher than the 
market value of the forage in question, it is a better buy than the con- 
centrate mixture. If the value in the table is lower than the market value 
of the forage, the concentrate mixture is the better buy. Interpolation 
between the prices shown may be necessary to adjust to the market 
prices found at any given time. 



TABLE 3 6. THE RELATIVE VALUE OF VARIOUS CONCENTRATES 
FOR DAIRY CATTLE BASED UPON ENERGY CONTENT. 
Feedstuff PRICE PER 100 LBS 


Ground Shelled Com 

$2 00 

$2.25 

$2.50 

$275 

$3 00 

$325 

$3 50 

1 

Ground Barley 
Ground ^Vheat 
Ground Shelled Com 

200 

2.25 

2.50 

2,75 

300 

325 

350 

b 

8 

Com & Cob Meal 
Ground Oats 

Molasses 

1.80 

203 

225 

248 

2 70 

293 

315 

£ 

Beet Pulp 

Citrus Pulp 

190 

213 

237 

260 

284 

308 

331 

Com Feed Meal 

204 

2.30 

255 

2 60 

306 

332 

357 


Hominy Feed 

210 

2J38 

263 

2 89 

315 

341 

368 


Wheat Bran 

168 

1B9 

210 

231 

252 

273 

294 

5-S 

Brewers Dried Grams 
Coro Gluten Feed 

178 

200 

223 

245 

267 

239 

312 

E 

^Vheat Middlings 

102 

216 

240 

2.64 

238 

312 

336 

£ 

^Vheat Red Dog 

214 

2A1 

268 

294 

321 

3 48 

375 

il 

I 

Cottonseed Meal 
Llasecd Oil Meal 

192 

216 

240 

264 

238 

312 

336 

Soybean Oil Meal 
Com Gluten Vfeal 

199 

2.24 

249 

273 

2 98 

323 

3 48 

£ 

Ground Soybeans 

218 

245 

273 

300 

327 

354 

332 


TABLE 3.7. VALUE OF VARIOUS FORAGES 



Average Grain Mix 

$4000 

Price per Too 
$50 00 $60 00 

$7000 

$8000 


Alfalfa hay, very leafy 

Clover Hay, excellent 

2920 

3650 

4330 

51 10 

58A0 


Alfalfa hay. No 2 

Mixed hay, excellent 

Timothy hay, early 

2720 

34 00 

4030 

47 60 

54 40 


Mued hay, average 

Alfalfa hay. stemmy 

Ciover bay, sternmy 

So>bcan hay, good 

2360 

2950 

35.40 

4130 

4720 


Timothy hay, late 

Soybean hay, poor 

16A0 

2050 

24 60 

28 70 

3230 


Alfalfa, wilted 

Crass iflage. w-flted 
(with or without legumes) 

1200 

1530 

1800 

2100 

24 00 

C 

u 

Com. dent, well eared 

lOAO 

1300 

15 00 

1820 

2030 


Sorghum 

920 

1150 

1330 

1610 

IB 40 


Corn, dent, few ears 

Crass sibge, not wilted 
Legume sihgc, not v.-il'ed 

800 

1000 

1100 

14 00 

1600 
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REGULAR reproduct fon m a da ^he^j5^e^entiaLfoiu pfflr»t .=>nt: milk 
production and'ii one o f the rnost important c ontributionsjo a successful^ _ 
o peratiODTi rtfie'liCT'd manager is to achieve and maintain satisfactory 
reproductive efficiency, he must have an understanding of the basic 
anatomy and physiology involved. The abnonnahties and diseases affect- 
ing reproduction must also be familiar to him. 

Perfect fertility implies that the female is producing normal healthy 
eggs in numbers common to the species, that each of the eggs is capable 
of bemg fertilized by a normal sperm cell, and that the environment in 
the reproductive tract is such that all the fertilized eggs develop into 
vigorous, healthy new animals. It also implies that the male pr^uces 
suffident numbers of normal healthy sperm to make fertiUzation of the 
egg possible at each mating or inseminatfon. Mating must take place 
at the proper tune to bring the sperm and egg together when both are 
vigorous and active. 

The production of offspring at the ideal rale is difficult to achieve. 
Indeed, at present it requires nearly two breedings for each pregnancy 
in dairy cattle. 

REPRODUCTIVE PHYSIOIOGY OF THE FEMALE 

Anatomy of the Reproductive Tract 

•y he mafor components of the fe male_reproductive_JracL are^e- 
ov'aries, fangpian^bes_uterus,.4»n5isljngjof th e body _ and .tvv o .horns,. 
^'the cerWx^vagma. and vulva The arrangement of these organs is pre- 
sented in diagrammatic form in Figure 4.1. 

The Ovaries are the basic reproductive organs in thejFemale,^.serying 
flsThT source oT the Vgg a nH‘br«senti^ hor mone?. They are located 
m the abdominal cavity on" either side of th^idline of the back in the 
area of the hip bones In the mature cow they are ap prorm^tejy j^ Jnch 
m dizmeter^M birth the ovai^’ contains hundrSirof potential egg cells. 
*;auch raaturTindiv’idually and are shed during each reproductive c>’cle. 
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Fioure 4.1. Diagrcm of .ho port, of .ho fomolo roprodoo.i.o .roc. of ca..lo. 

Kach egg cleveln nc in a fluid filled^ acjn the ovapy ca'lcd ° 
a'33i'tlon to the developing egg the folliele prod.iccs a honiione^c^o_i 
Xirnar^U he discussed further in regard to its importance in reprodi - 
tion. The ripened follicle hurs^t^and releases an egg npprp\nnjitel>r__^ 
Jipjir5_aftcrIlhc-end-of-caclLlieat periojI._ , . . . ii„,i 

At the site of the n.pturcd follicle a stroctur c.dcvslops_ vhich is called ^ 

the corjiiis liilciim or yellow body. It is rcsponsilile for proges erone, n 
other hormone important in reproduction. _ i. i i 

The fallopian lubes, or oviducts, provide the conncc^Jink_l)C^ 
tweeh" the“oCar>’'nnd tliTlioms , 

mules "with' 'a fan'-hVe emUTnfimdibuh.mJ j^JiichjiartialJj- su|^ 

tlie ovarj-. Under normal conditions, sshen the_cgg_i'= from the 

follicle it drops into the inftindibulum and il. 

the tulu- to the uterus. Fertilirallon, the union of the sperm and the cgg.^ 
normally taVes place in the upper part_o£_the Jallopian.tubc„«ith the 
dptrin mos ing'throngh'thirulcrus to meet the descending egg. 
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Figure 4 2. Chari showing the symptoms of heat during the three stages of the heat 
period The graph shows the conception rate at Intervals during heat 


If fertilization occurs, cell division starts immediately to develop the 
new animal and the membranes which surround it. The jCTt|l^e^gg^ 
is moved into the hom of the uterus where, deyelg pjfnent tahes 
During its early life the embryo obtains its nourishment from a milKy 
fluid secreted by the lining of the uterus. g^boutSSjo^^day^^tter^ 
fertilizalion_the^ pla cental membranes have develo ped suffi cjentl y t^ 
trans port nutrients f rom the blood stream o f the dam .to that ot the 
embr yo. T he embryo continues to grow until, at the end of approKimateiy 
■S^^a ys. 'the fully developed calf is bom. 

The operation of a normal sexual cycle is an extremely comp ex ac- 
tivity which is not completely understood. In addition to hormones 
from the ovaries those from the pituitary gland, adrenals, an t e 
placenta are involved. The interaction of these hormones is probably 
as important as the absolute amounts present. 

Follicle .Stimukling^ormonc. (FSH) from the ^ujtarji^landjs 
benm'cd to cause the follicle to develop. Estrogen , from the follicle, \vhen.^ 
It is at a r clativc l y_high level, in the blood str eamrdecrcasesj l^pro^ 
'ductio ^^FSH the pituit^. a substance 

N^hlch^^iiscTtlieJoltl^cjo^nipturc. 

butcinbjnglligrmo ne , (LH L also from thfi. pihiitaiyr-is responsible 
for the mntr^ tpnnnr^^ pprl fimrtinn n f th e co rpus lutcum. Hormones from 
the placenta pl.ay a part here, since If pregnancydbes not take place, 
the corpus lutcum soon degenerates. 




78 


Beproducfton tn Dairy Cattle 


REPRODUCTIVE PHYSIOLOGY OF THE MALE 
Anatomy of the Reproductive Tract 

gross anatom y of the mate re productive tract..consists of the, 
t estes, epididym is, yas d^ere ns^ ,senn nal vesicles, prostra te gland 
|?ulbojirethral_or^CQ^vpers_glands,^rethra^^and^eni5^^Figure 4 3 is 
a diagram showing the relative location of these organs 



The tesies^aie the primary reproductive organs in the male and per 
foniTthe dual*fun2lIon of producing sperm and^cting as the-sourCe^f 
the male Tiormone, testosterone Testosterone is resp^niible for the 
Secondary sexual chararte ristics simh as the cr es t iglh^bulLAcc essory^ 
sex glands and thepems fail to develop ^mally in tlie absrace of 
testosterone,. 

'^l^ch testic le is normally located in anjndividual compa rtmen t of th e 
s crotum w hich is outside the body cavity Sgenn_production does^aU 
taVce plare at i^ma l body temperature and the scrotum acts to pro 
vi3e the optimum ternperature for this function 

Snerm cells oncmafe from the multiplication and maturing of cells 
\j ^ ' g^ all canals Tound in the testes l-no\\TL.as_s ^in!ferous tubules 
The> mose through these Jubules into tS^ad/dymir.whjch consists 
of a sSgii'm^ich wUid'tubule Here the sperm cdls^app arently ron ^ 
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tinue to develop animatare Jo„the„stag^here tl^y are_capable of 
Tertiirzinroya;' The epididymis apparen tly acts_as_a^gragg^^Jgr 
matu ie.sp’^.-Figure 4.4 is a photograph of sperm from a bull as seen 
under a microscope. 



FIgyre 4 4. Sperm from a bull os it oppears under a micro- 
scope (Indio ink background). Courtesy Dr. R H oote, 
Cornell University. 


J T/ic uq g de ferens serves as a cgnnccting.'duc^etwe^. l ^e ^ 
and the urethra for the transport of^peim_and_scminal lu a so 
TOntains“glands“wincir“contfil5ufe to the fluid portion of t e scotch. 

.The seminni vcsiclcsjic alongside Jltc reproduejive, tr act and pro\ : idc 
a secretion which enters the urethra along ^^ith the_nia^rja_ _rom_ 
vaTdeferchs. 

~ The prostrate gland surrounds the urethra and also provides a scctc* 
lion which contributes to the fluid portion of the semen. This secretion 
apparently acts on the fluid to increase the activity of the sperm. 

The htdh(hUTcthraly or Cotepers glands arc found on cither side o 
the urethra. The function of the secretion which they provide is not 
well understood. . . 

The urcOira is a duct running from the bladder throug hjhe^pcn^s 
the male iTnd performs the dual function of climin nt ingi inn_ c , and tran s-^ 
jWling the semen to the rc riroductivc ^ttacLj£the-fcni«ilew ^ 

The ;>m« is tlic copulator>'_ organ of the male which carries the 
urethra, through which the semen is deposited i n the reproductive 
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of female. The penis is a muscuiar or^n containing areas of spongy 
tissue which become filled ^vith blood in preparation for copulation. 
Little increase in the size of the copulatory organ occurs, but the quick 
dinist, typical of cattle, at copulation is fadlitaled hy relaxation of the 
retractor penis muscle and the straightening out of the sigmoid (S- 
shaped) flexure. 

Semen Production 

As indicated previously, semen is composed of spenn^cells and sup- 
porting fiu^ * number of glands. In the bull a normal eja^afe 
founts to abou t 5 or 6 cc. T his will contain from 2 to 14 billion sperm 
cells. Research has indicated that 10,000,000 sperm cells are sufficient 
to assure fertilization under normal conditions. The use of artificial in- 
seminatiOTi, which is discussed in Chapter 5, is based upon the tre- 
mendous numbers of cells produced at one time. The total capability of 
the male for semen production is not well understood. Bulls in good 
condition are apparently able to produce enough semen for mating or 
collecting ^vo or more times per week over extended periods of time. 


ABNORMALITIES OF REPRODUaiON 
CAUSING DECREASED FERTILITY OR STERILITY 


Anything which^uses.^ysf uDction of _t he_ reproductiv e system re- 
sulte^in^decreased^fertflity, or, w hen repro duction is, iinpossible._rom- 
’plet^sterfli^. Decreased fertility or sterility is not a disease or condifion 
in itself but a symptom of some specific situation which must be cor- 
rected before normal fertility can be regained. All degrees of fertility 
are found in nature, from complete inabihty to reproduce to complete 
fertility. 

Abnormalities affecting reproduction may he classified in three groups: 
eases. ilacb ot these will be considered briefly. 

Structurol Defects 


In the female there are a number of structural defects of a congenital 
n^re'which ^event reproduction. However, these occur rarely . 
complete vaginas, improperly formed ut^^osed_c^c«^an^qther_ 
HSlfoSSsons arelmtmg possible dSf^. Some rf Aese^e faherUed, 
and tie trequS^ °t occrnieoce may be increased by mW^g. Fre- 
coently, antoals canyiog these defects appear normal ^d have regular 
Lt liiiods A condition called infentife oee^m sshieh the os-anes 
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fafl to develop and produce eggs, sometimes occurs Normal Pen°ds 

do not talre place. This is sometimes associated rvrth 

velopment as a result of poor feeding. In some cases treatment with 

hormones is effective. c 

Heifers bom,tvvinJo_a>JIare sterile Jn about 90 per 

ca^irriiTsType of animaljs hnovvn^as^a.feemart.n.. The 

tract is incomiieteand never develops. No teatmcnt is effective. In 
suspicious cases, a heifer calf may be checked by genUy P“'™g 
rounding end of a test tube or the eraser end of a pencil mto the vag . 

If peneLuon is stopped in a short distance in comparison whh the 

penetration possible with a normal calf, the 2”™® f ^^™inrrliidism 
In the male the most common structural defect is 
lundescended testes). In this condition the testicles remain in the 
tbdominarcaW^d do not descend to the scrotum. 
cryptorchidism of both testes show normal male ““ 

sterile. Sterility is attributed to the inability to produce hvmg pe™ 
at internal body temperatures. Bulls with one ® 

fertile but should be screened carefully in a breeding P"^®® ’ -syU 

the condition is inherited and sterile male offspring 
Bulls may have incomplete formation of parts ° ® "^^P u 

tract simUar to abnormalities mentioned for heifers. These are usually 
incomplete ducts or malformations of tlie penis. . ,. .j . 

Hermaphroditism or mi xing of , the, sexe5 jn3.jmg e ^m iyi 

ca^srorster.ttirH5''^e^ is “ '"ii^ “ 

Frequently th^ In goats or swine. . , 

Flum cal injuries resulting fro m wounds, i njectipns.pocmringj^uier 

sex, or tearing of the uteHirduring parturition m ay_cause,^tgnlity_i ^ 
cattle^_^ 


Physiological Abnormalities 


In the female^ d>^nction-oLJthe^^ry_is^a_c ause 
tility. Some cows exhibit a condition of nymphomania Cepnstan^c: 
\frcqiicnt i uir^th This condition results from cystic qyarics or ai um — 
of the follicle to break and release the egg at the normal ine 

cause is unkno\Mi. Some researchers feel that an i^rhation o ® ^ ® 
may cause an action upon the ovary* which keeps the folhc c n ac . cc 
tions from the follicle in turn keep the uterus in a high state of activity 
and a \*icious cy'cle is set up. . r t • 

Treatment by a veterinarian In the form of injection o chorionic, 
gonado trophin, which causes disappearance of the ^st, or manual 
rupTuring can be used. Neither treatment is completely 
something like 50 per cent of treated animals conceive when bred at 
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the first heat after treatment. It is important to treat this disorder as soon 
as possible after it is discovered. 

Persis tence of^ the y_enqw_^b ody on the ovary_in ,the non-pregnant 
amm^ results in the absence of Some irritation of ^he''utenrs'^ 
pr^ent'^herT this condition exi^, which apparently has hormonal re- 
sults similar to pregnancy. 

The persistent yellow body may be removed by hormonal treatment 
or manual expression However, this should be done only after careful 
examination of the cow to determine that she is not pregnant. Also, 
careful observation should be made to determine that the cow has not 
passed through a si lent h eat S ilent heat is a situation ivhere ovulation 
occurs^butjs_not.j? .receded by t he_tisualjivm p.toms..indic ated in Fig ure 
4.2. Current belief is that silent heats are responsible for an appreciable 
percentage of infertility. Closer than usual observation of the cow is 
necessary, ^.bloody^discharge^on Jhe^tail or yulya i ndic ates the mw, 
passe d^Jieat_e.griod^boiit.2^ays.previouslvr..a nd she shoul d be \yatche<l 
care fully-in-aboutUfiL-days. 

In the malej physiolo^cal dysfunctions axe less beguently observed. 
While they probably exist, little is known about them. Poor quality 
sperm or low fertility of certain bulls are undoubtedly a result of 
physiological malfunctioning in some cases. 


DISEASES AFFECTING REPRODUCTION 

Ji num ber of infectious organisms may,invade the reproductive tract , 
and result in decreased fertility through disease ^ These diseases, which 
'‘include ^brucellosi s , vibriosis, trichomoniasis, and lep tospirpsis. are cov- 
ered in detail in Chapter 9. Some infonnation on each is presented here. 

Brucellosis is characterized by, abortion in the lastjhird of pregnancy. 
It mayTj^fevented by vaccinaUng calves behveen 4 'an3‘9 monlhs of 
age. 'iTie disease is transmissible to humans, and federal and state eradi- 
cation programs have made excellent progress jn eliminating it. If un- 
explainable abortions occur late in gestation, examination or testing for 
brucellosis should be conducted. Vaccination of youn g calves _a nd. 
slaughter oLolder infected anim als are the recommended control pro-, 

cedures. r i i . 

"^iSriosis also causes aboilnys, frequffi tly so earl y m gwtation tb^ 
thwlouimoticed. It is a" tiM^Jten ereal disease, spread' jy mating De- 
layed Seal periods, caused by the abortions, and many ser\1ces per 
conception are symptoms Bulls may become infected and pass on the 

^The''ml of^momTantibioiics tn the semen d iluter used in artiBcJ ^ 
■.sT^jiiaja-S^vides good control oTy^riosis. 
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Trichnm nniasij infection frequently resul tsjn^bor^ As vibr^ 

dsEnrSESSSlSIJTto pregnancy. usaaUFa^'ring 

oreanism infects the uterus and the sheath ofjhe_^ It is spread by 
^ifllfrnirThTd^ase is sGiiTettaeraffiran^ because of the 

problem of identifying the organism when it is present m small riumbers. 
It can be controlled in cows hut only with great difBculty 

Leptosp iros.sJsji,diseasejdhJdihasa_ii>imber of egectsjmd-SymPjga ’ 

one of whiclvlsjhoitiQnoccurring usually 

The disease is spread by several means, but apparently is not transmitted 
through the semen when artificial insemination is use . ^ . r 

Leptospirosis can be controlled^by^vac cination w ic is e ec i 
several months. Vaccination is recommended for cattle being i - 
duced into a herd, or coming in contact with animals from other are . 

Won-spccific infecti ons o f the , reproductive tract rom a num e 
orgST^r^TSiterTere with reproduction. These may.causeabort^r 

prevent implantation of the embryo in the uterus, ea ssue 
uteras from failure of a cow to clean properly P™''* ™ , 

breeding ground for bacteria. ’niejBresgnce_ofjjg olore _ OT _ p i^i^_^^ 
charge fro m the-ieproductive_tract js.an-ipdicaPon_o _ tn ec , i „ 

should always be investigated by a veterinarian and treated it necessa^. 
Infect i ons of the vagina, called vaginitis, a re also consi ere resp 
for infertility in some cases. 


NUTRITION AND REPRODUCTION 

Reproductivefa^iX^-isJftequentlyJjlamed^oii-pooiunutrition^Serious 

fi^ciency of spe^c vitamins and minerals, ^s^^.as ^ 

yitam in A, has been shown to result in lowered fertility, owever, i 
most Carefully observed cases other deficiency symptoms are apparen 
by the time reproductive efficiency is affected. 

Cattle on normal well-balanced rations which inc u e e 
recommended nutrients receive adequate nutrition for repro 
Correcting inadequate or unbalanced rations \vith common ee s u 
and supplements is cheaper and equally as effective as using tonics or 
expensive mineral mixtures. . 

Research has shown that the plane of nutrition, particularly the energy 
level, influences the speed at which cattle reach sexual matiinty. ix or 
more months difference in age at first heat has been observe in lei ers 
fed approximately 130 per cent of recommended allowances compared 
to those fed approximately 60 per cent of the rccominendcd staiidard. 
Heifers fed at approximately 90 per cent of the standard showed first 
heat at about 49 weeks. 
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INHERITANCE OF FERTILITY 

The question is often raised in regard to the possibiUty of improving 
breeding efficiency by selection Rresent information indicates that little 
IS to be gamed in selecting animals for general fertility There are a 
number of speciBo abnormalities, several of which have been previously 
mentioned, which are mhenled and should be selected agamst 

Abnormal development of the young animal, so that it dies before 
or shortly after birth, is a cause of mefficient reproduction Several 
specific abnormahties are well known Many of these are mhented as 
simple recessive factors Bulldog calves, hai rlessness, short sp ine fased > 
nos tnls, dwa rfism. and_hvdrocephaly arn'amon g “le thals" which are well 
recogniaidBecause of the recessive nature of these factors, inbreeding 
tends to concentrate them 

It has been observed that a number of fertilized eggs are lost at a \ eiy 
early stage of development, and that this cannot be accounted for by 
knowm diseases This may be a result of abnormalibes of such a nature 
that the embryo cannot develop While it Is recognized that a significant 
portion of infertility is due to early embryonic death, the speafic causes 
and contributing factors are not knoivn 


MANAGING DAIRY CAHIB FOR HIGH FERTILITY 


Incorporating a knowledge of reproductive physiology and factors 
affecting it into a good management program should be the goal of 
every dair)Tnan The following suggested practices should provide a 
basts for such a program 

Proper management for reproduction starts with the gro\%Tng calf 
Animals of either sex which are to be used for breeding purposes should 
be kept constantly m a healthy, vigorous condition 


Optimum Age for Beginning Reproduction 

The level of feeding has a great influence upon when cattle reach 
seroal maturity, as described in the section on nutrition and ferfihty 
Becomnimdabons for breeding heifers the Erst time are frequent!) 
giien in terms of age, howeser, weight is probably even more important 
Heifers which base been underfed should not be bred until they base 
reached proper size The longtime effect of breeding sey well fed 
heifers at an earl) age has not been thorougH, studied ff heifers ^ 
be brought mto ptoduebon enrher with no shortening of P^nebve life 
diis would have a marhed ecouomic advantage Ile^mended ages and 
nughts for breedmg heders are mduded in Table 4 1 
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TABLE 4.1. recommended AND AGES FOR FIRST 

BREEDING AND CALVING OF DAIRY HEIFERS 


Breed at 


Calve at 


Breed 

Weight 

(lbs.) 

Age 

(months) 

Weight 

(lbs) 

Age 

(months) 

Brown Swiss 





and 

Holsteins 

750 

15 

1100 

850 

24 

22 

Ayrshires 

600 

13 

800 

22 

Guernseys 

550 

13 

725 

22 

Jerseys 

500 

13 



Heifers of the larger breeds show the first liMt at SSO to 600 poun 
Jersey and Guernsey heifers at a somewhat lighter weig . 

DeLtmg heat in cattle requires careful otseryatmn “ 

perience. The symptoms shown in Figure 4.2 shou e "" 
all non-pregnant animals. Accurate records should be kept of ^y 
animals in heat so that their reproductive cycle can e 
breeding be done at the desirable time. 

The occurrence of a bloody discharge on the vu va or . ij ^ 
indicates that she was in heat about two days previous y a 
watched carefully in about 18 days. Research resu s ave 
silent heat periods occur with a number of cows. That is, y g 
the period of ovulation but exhibit little or none of t e ac 
expected. Particularly careful observation and accurate rec 
portant in these cases, because cows usually conceive w en re 
proper time. The period during the reproductive eye e w en 
conception rate can be expected is shoxvn in Figure . . 

Animals which have been bred and have not returne o e 
to 60 days should be checked for pregnancy by pa pa ing 
through the rectal wall. This check should be conducted, on a routae 
basis, by a veterinarian. An enlarged uterus usually in ,, 

Diagnosis is difficult prior to 30 days. Checking at t is ime 
reveals those animals which are not pregnant but have not retumea 
heat because of some abnormality or which have passe t oug i 
heats. Several chemical and biological tests have been evise 
termine pregnancy. At present none are practical. ^ 

A regular program of preventative medicine in conj'unctira wi p 
nancy checks should be worked out xvith a veterinarian. Reproauction 
disorders, like others, respond best to treatment when it is started early. 

Animals that have calved should be bred at the first eat occi^ing 
60 days after parturition. Approximately two months are requued tor 
the reproductive tract to return to normal after calving. Time is nee e 
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for the removal of inflammation and congestion as well as return of 
proper muscular tone. Fertilization may take place prior to 60 days 
post partiim, but an abnormally large number of the embryos are lost 
through failure of proper implantation in these early fertilizations. Thus, 
longer rather than shorter calving intervals frequently result from breed- 
ing cows loo soon after parturition 

The pregnant heifer and cow should be fed according to recommen- 
/dations in the chapter on feeding. Care should be taken to prevent 
injuries from fighting, narrow doors, falls or other situations which may 
result in abortion. 

The period of gestation in cattle is approximately 9 months. However, 
there is considerable variation between breeds and between individuals 


in a bred. Br own Swiss caj tle carry their calves the longest, about 290 
days, Quems eys carry calves about 283 days, Ayrshires,Jerseys andj^l^ 
steins about 2'^ ^ays^ ^ lale calves are usually carried about a day longer 
than females. Calves bom \vithin 10 days of these periods may be con- 
sidered normal. Calves bom after 7 months of pregnancy frequently 
Ji»’6 but need special care during early life. 

Adequate care at calcing lime is important in assuring continued 
fertility of a cow. Symptoms that an animal is about to calve include 
swelling of the udder (which may start several days, or even several 
weeks, early In heifers), swelling of the vulva, and a dropping away of 
the ligaments around the tail head. As calving approaches the cow be* 
comes uneasy and straining is obvious. 

Clean, sanitary, and quiet sur r oundings are ide al for the cow at 
partuntton An ad^uatejb ^ stairis a p propriate.'T lialving on pa sture is 
"satisfactory and oft CT desirable. 

—""Birth usually^tSes place in one or two hours. Normally the forelegs 
are presented Erst wth the head resting on top and between them. If 
the calf is not delivered in a reasonable time and the presentation is 
normal, assistance may be given by pulling on the forelegs in conjunc- 
tion with the muscular contractions of the cow. 


Abnormal presentations or continued labor wth no evidence of birth 
require the attention of a veterinarian. Immediately following birth, 
the mouth and nostnls should be^checked _to determine, that 
free^Fmucus so that normal breathing can occur. A normal, healthy calf, 
"jviU be on its feet and eatog_\rithin_^ minutes^ alter birth. Care and 
management of the calf are d«emsea in Chapter 6 
Nonnally the placental me mbrar^, or afterbuth, will be expelled 
a fexv hours foIloNv^ birdT iftbe)' are.not cxpeMinJ^JSh^ 

leS^them free can pemranenUy damage the caruncles sc that future 
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pregnancies are jeopardized. CaJdeJeftJo_themselv^t>q^^^^ 

eat the nlacenta, so it may noTbeJoun^^ , . 

-^reprodnctrvTtart^should be observed closely following calving 

If bloody or piis-coi ^ininE discharges _EgSist the cow_shpu^ 
•^nmrned^n 'dianiT^^STthi^ai i se. and treatment sh ould be carried _ out _ 

—ffiliTg-’calving. heat periods should be observed and recorded 
so that the next pregnancy may be started at the ® ' 

Feeding at calving time. The cow or heifer should be '’™ught 
calving in good flesh so that she is well prepared for the enduing lacta- 
tion. At the time oLc alving the .coa.A hou l dJ)e provide , en y_ _ 

good ■quality forage a nd adequat e_grajn. No advantage as een 
ohstrateH~tor providing special fee^ at calving time. _£22 — — 

should.be maintainedjndJncreascd.as.rapidly_as_th^cOTr.;^.accept 

"at ter the calf is born Jlalving, followed immediately by the onset o 
heavy lactation, develops considerable stress in a 
quate nutrition is important in helping the cow meet t is 
Research conducted at several stations has demonstrated that the krad 
or amount of grain fed does not affect the udder edema or conge 
frequently observed at calving time. , 

Milking at caluing. The-cal f should be a llowed .to nurse_asmon^ito 

birth as it is able Jt is a frequent and.sadsi actory_managemen^Erac^ 
to leavTlhiT aTf wit h the cow f or.tfaejrst.two_or_three-days afte^rm. 

Then the udder should be milked out, and complete milking at the_ 

usual-intervals jhouldJ)-eginjrhe"6516strum ^bould, of course, not oe 
put 7n''tfiS regular milk supply until normal characteristics appear, 
usually at the sixth and subsequent milhings. 

Pre-milking, or milking previous to calving, is sonmtinms prac ice ,, 
pl?tic'5lMinS~HHie''s wfiire thbre is'~o. serious problem with udder in- 
gestion. No real benefit is apparently achieved by this practice, men 
this is done, the colostrum is not available at the 
and special provisions Should be' made to sup^y it- Colostxum rnay e 

stored frozen or 'obtained from otherJresh^p\ys^in^theJierd. 

”*tid5c?'^ema^r^iscias's^dllfr3etail under diseases, but is o ^ cien 

importance to be mentioned here. It is an accumul ation o m 

Ussues surrounding the udder. In severe cases it may extend completely 
along the abdomennt"'*6ccurs‘ most frequently at calving ut some 
cows exhibit symptoms throughout much of the lactation. 'Hie cause is 
unknown Tendency toward udder edema is apparently in ente to 
some extent. Severe cases ma y result in breakdown of udder su pport, 
making machine milking difficulTandleavmg die udder susceptible to 
in]ur>\ No really effective treat ment is available. Mass age and the use^ 
of hot and'ild compresses on tlie udder ^(TIErequitly suggeste . 
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MANAGEMENT OP REPRODUCTION IN THE MALE 

Healthy, well grown bull calves are one of the best assurances of ani- 
mals ^\'hich ^v^lJ be good reproducers. The first consideration in selecting 
bulls is ability to pass on desirable characteristics, as discussed in Chap- 
ter 8. Once a desirable bull is chosen, he should be managed for a long 
lifetime of producing reasonable numbers of normal sperm. 

Effect of feed on reproductwe performance. Bulls should be fed ade- 
quately to keep them in good flesh but not overly faL Figure 45 shows 
a mature bull in good service condition. Since the nutritive requirements 
of reproduction are less than for lactation, forage quality and other 
factors are not as critical for bulls. They should, however, be supplied 
a we ll_balan ced. ration. Since the usual feedstufis can be combmM into 
adequate rations, the use o f tonics and e xpensive minera l mixtur es is 
not recommend^, 
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One pound.otgood quality, hay equivalent 

:ure bull in goodj)reeding,5ontoion.^ , n ^ tbp aee at which 

■jhIIeiSSLn^iPnJ-s_a,rna^ff^^^^^^ 

youn g bulls reach . sexual _matunty^ulls ^ ‘ 

on three planes of nutrition supplying api^oxiina y ’ ’ ^3 

cent of tL recommended allowance P^^uced v.ab e semen ^ ^ 
and 37 weeks of age. respectively. ~ 

heifers at 6 to 8 months of ageJo,pLevenLuniii3^.:F.^^^ 
--Rniref^sn^rThTH^ of bulls to P-f “ 

not as well understood as the egg-produc g P capacity, 

may be considerable individual variation amoi^ u , qJ 

It I a common practice to^ tartmsing-young^^%Lag9^-^^^ 

age. Ten to fifteen services during the 

'mended. Older bulls are usuiillrPS®d'for 40"^ se_ ^ „(j 

aflerJ)\illsJsvice.weeKly„ with n o ^arenrde 1, - periods 

instances bulls have bee^jSeH seye^_^p^cs a y , - 

'‘withno observablS’^ecrease in semen -p-oyg animals 

• Housing for bulk. AirbJlU Ih-oWhe'considered dang^^^^ 
and handled as such. Safety pens and staH s^re,g§£g — rpcjn-s should be 
always be handled wi 'fh a nose ring. Adequate P™ ‘ .^gj, 

made for sunlight and exercise. Special attention s i a breeding 

foot care and trimming. Large bulls should be traine 
lack to prevent injury to themselves or to cows on which they may 
used. 


SUMMARY OF PROCEDURES FOR IMPROVING 
BREEDING EFFICIENCY 

1. Maintain and use accurate and complete records on th P 

tive history of all animals. in co-operation 

2. Conduct a routine program of pregnancy 

with a veterinarian. ^^urtr, and control 

3. Conduct a routine program of disease prev 

with a veterinarian. , . least twice 

4. Check all non-pregnant animals for signs o i.p^ts 

daily. Pay particular attention to the possibility ° ^ 

5. Breed cows at the first heat 60 days after weights 

3. Breed young animals at the first heat after they 

indicated in Table 4.1. ^ ri,pck semen 

Make sure the quality of semen used is adequ 
from bulls used in natural service. 
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8. Establish a goal of not over 1.8 services per calf. 

9. Mamfam adequate nutrition m ail animals in the breeding herd. 

10. Establish a goal of a calf for each cow every 12 to 13 months. 

FURTHER READING 


Asdell, S. A., Cattle Fertility and Sterility, Canada: Little, Bro%vn & Co. Ltd , 
1935. 

Asdell, S. A, Patterns of Mammalian Reproduction. Ithaca, N.Y.; Comstock 
Publishing Co , 1948. 

Nalbandov, A. V., Reproductive Physiolopy, San Francisco: VV. H Freeman & 
Co , 1038. 
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MEN discovered s everal hundred years a go_t}iat Jiving^sperm, col- 
lected from the male and introd uced into t he^femala^eproductixe^ 
tracTaTdie'lprcr^'^me^^^quld^Erodu^ce^ajnpmaLoffspring.^ Spallanzani 
conducted the first recorded research on artificial insemination, with 
dogs, in 1783. Only slight use was made of this valuable technique until 
very recent times. Except when given special handling, the life of sperm 
outside the body is short. The development of an understanding of the 
physiology of cells in general, and particularly knowledge of the sperm 
cell, was necessary before artificial insemination could be employed on 
a practical basis. 

The first commercial organization for artificial insemination of cattle 
in this country started operation, in. New Jersey jn^I938. Thj^ operation 
was based on experience gained from several years of practice in 
Northern Europe. Since then the practice has spread so that it is avail- 
able to cattle in the entire country. Over one-third of the dairy calves 
now bom each year are the result of artificial insemination. 

Artificial ins emination.4provides dairymen with a number of oppor- 
tunities to Jmprove=efficiency. It makes possible ** se!ected mat ings” in- 
volving outstanding cows and bulls which may be located at consider- 
able distances. Both outc rossing and linebreedin g^may be practiced 
more easily. 

Probably the greatest contribution of artificial insemination lies in 
extending^tIie,use„ of outstanding bul b. A sire proven to be a transmitter 
of desirable characteristics may be mated to thousands of cows. In 
many instances, service from top quality hulls is much cheaper for the 
individual dairyman than owning and maintaining a bull himself. 

Another benefit of artificial insemination is the proving of bulls used 
on large numbers of cows ^vith daughters in a wide range of environ- 
ments. Production information obtained in this way, and properly 
analyzed, is the most reliable information available on the transmitting 
ability of bulls. 

Several jdiseases associated with repro^uc^ on are more easily con- 
trolled or eliminated when artificial insemination is lised^ ” 
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TECHNIQUES USED IN ARTIFICIAL INSEMINATION 
Collecting and Processing Semen 

The most frequently used system for collecting semen from a bull is 
the artificial^ tagina Figure 5.1 contains a diagram of this device. 
Basically it provides an environment somewhat similar to that of the 
vagina for the ejaculation of semen and its collection in a test tube. 



Figure 5.1. Oiagrom of an ortificiol vogmo, used for the collection of semen from bulls 


In use, the bujl is en courag^_to rnount_a “t eas er** a ni mal in the 
n ormal ma nnerjjhe operator diverts the penis into the artificial vagina 
^v^iere th^ ejaculate is trapped in the test tube. Bulls eschibit a great deal 
of individual variation in their response to teaser animals, and operators 
of bull studs develop a definite art in learning the characteristics of each 
animal. 

Ihe^lcftiQiei aculator is sometimes used to obtain semen from_ol dCT 
jiulls or those unable to mount because of i njury. This device consists of 
^ectrodes placed in the”rectal cavity in close proximity to the repro- 
ductive tract and the nerves supplying it. A senes of electrical impulses 
stimulates the ejaculation of semen, which may be caught in a beaker 
or other container. 


Semen should be processed immediately after collection if it is to 
be used efficiently. 

The frequency of collection of semen varies considerably. The most 


commonlyjus^jatejs.one collection^ pet ^w eek. In a number of opera- 
lionsTbulls are collected two or more times per w’eek %vith excellent 
results. There are isolated cases where bulls have been collected many 
times per day for one or two days without injury. Jhe health, vigor, and 
are of the bull all play an important part in the fr^ency of collection 
’^^nTlf ^Tnay he used CJurrept ihlorfnation indicates that collecting 
bulls once each week and mature bulls t%vice weekly is not 
detrimental to semen quality or continued vigor of many bulls. 

Etaluation of semen. As produced, there are from j5QO_niniiQaJo_2 
binion sperm cells ne r each ml o f a normal 5 tg 6 mb ejacu late. 

^SilTy'S^dTltolSroxteSay ihiiTIvel m one mL of rar product 
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Fresh semen is examined to determine the total numbers of sperm cells 
present and the percentage of motility. T^a]jiumbers_may_be_deter:^^,_, 
mined by actual microscopic count ._^However, this is a tedious process 
'andVmore rapid system i s to measure the refraction .of Jight-by-a sample 
of semen placed in a device^e^gned_for,this-.purpose. The numbef^of* ^ 

“Iperm cel lnTTh^fs'^^ proportional to .th e^.amount3f.JightJ3_asjing 

-thr oiiginhe sampIeT] 

Motility is usually estimated by direct microscopic observation, which 
is a rather subjective measurement. Motility of 70 per cent of the cells 
observed is considered to indicate good quality semen. Figure 4.4, page 
80, shows the appearance of sperm under the microscope. At the same 
time that motility estimates are made, the cells are observed for ab- 
normalities such as c rooked t ails.^ broken bodies, .missing _ tails,.~etc-. 
Lar ge numbers of abnormal sp erm indicate the semen .will p rovide a 
'poor rate of conception^ 

'^Semen diluters are used to extend the semen to the desired concentra- 
tion of sperm cells. In co mmercial practice one ml. of diluted se men con- 
taining 10,000,000 oTHmore mo tile cells is used for each inseminatToh. 

Dilutors are desig ned to p rovideXiatlsfactory chemical and physical 
ehviro nm^^for the sperm cells. All of them contain a "Buffering agent ,^ 
to maintain pH at abo uL6J,tQ-6.9..apd nutrient material. 

The first generally used diluters-W ere based on egg, yo lk. More 
recently, ^iledjnilkiwis been used very wdely. A number of substances 
are added to diluters to aid in preservation of the sperm or in concep- 
tion rate. Certain antibiotics are used routinely to aid in disease con- 
tcd. GWc-cxcl •a dWcAftss beib 2ind boien 

semen. It aids in making possible good concepb'on rates with fresh 
semen, 3 and 4 days old. T he addition of carbon dio xide to semen diluter 
decreases the.actiyit y in the sperm an d,extendsJts.Jtorage .JiFeT ' 

Refri geration of fre sh semen a t 40° F . is essential with most diluters. 
Some exploratory work with new diluters indicates that bne may ~be^ 
developed which will not require refrigeration. 

The follo^ving are two diluters which have been used for semen. In 
some operations the milk diluter is used for fresh semen and the egg 
yolk for frozen semenT ~ "* -- 


> No. 1 
Homogenized milk 

Pcnccllin G. (100,000 units per ml. milk) 
Streptomycin (100,000 units per ml, milk) 
Glycerin ( 10% by volume) 


No. 2 

80 ml distilled water 
20 ml fresh egg yolk 
2.9 gm sodium citrate 



94 Artificial Insemination of Cattle 

^Vh en the milk diluter is used, it should be heated (o 200^ F held _ 
for Id minutes and kept in a stenlc condition thereafter When it is 
'cooled to"* room temperature the antibiotics are added When the milk 
diluter IS to be used it is divided into two equal parts All of the glycerin 
IS added to one part m 3 equal portions at 10 minute intervals Both 
parts are refrigerated for at least one and one half to two hours before 
usmg \Vhen the semen is to be added (immediately after evaluation 
following collection) both portions of the diluter are heated in a water 
bath to 90** F to be as close as possible to the temperature of the semen 
The semen is mixed ^vJth the portion containing g]ycerin The second 
portion of diluter is then added to the partially diluted semen The com 
pletely diluted semen is then cooled to 38 to 40* F by placing in a re 
fngerator After cooling the semen is kept at this temperature until used 

The egg yolk diluter is handled m a similar manner except it is not 
heated Also it should be allowed to stabilize at 38* F for eight hours 
or longer before the semen is added 

Current practices allow the use of fresh semen for up to 4 or more 
days before conception rate begins to drop off This makes it possible 
to have fresh semen available every day from a given bull if he is col 
lected tsvice weekly 

Each semen processing business has a number of variations in 
handling semen but the following is a general descnption of the tech 
nique involved After collection of the semen It is examined for motility 
and number of sperm cells to establish the possible dilution rate Ddu 
tion IS usually made with both semen and diluter at 85 to 90* F The 
diluted semen is then cooled slowly to 40* F b>’ storing in a refrigerator 
in a water bath Semen should be stored at 40® F for a minimum of 6 
hours to allow ample time for antibiotics to be effective 

The semen is then placed m labeled vials Many organizations color 
the semen of each of the breeds with a harmless dye as an aid in identi 
fication The semen is shipped in refrigerated containers to the tech 
mcian or central distribution point ivhere it is used Details of the speciBc 
process used are available from most artificial breeding co-operatives 

Frozen Semen 

For a number of years sperm have been successfully preserved by 
freezing under carefully controlled conditions Calves have been bom 
from sperm stored for over 9 years in the frozen state A mixture of dry 
ice and alcohol and liquid nitrogen are two refrigerants used Dry ice 
and alcohol has a temperature of -79” C or -110” F Liquid nitro- 
eeu IS at -176” C or -320” F Diluted semen is frozen m one ml am 
pules which are thawed in cold water preferably ice water just 
previous to time of service 
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Special techniques and handling of the semen are necessary during 
the freezing process to maintain the life of the sperm. After the storage 
temperature has been reached, warming and cooling of the semen before 
use endangers the viability of the sperm. 

Dried Semen. Successful insemination of a cow under laboratory con- 
ditions, using frozen dried semen, has been reported. The procedure, 
developed by Dr. H. T. Meryman and A. Kafig at the Naval Research 
Institute, involved dipping a piece of gauze in the fresh semen and 
placing it under vacuum. Water evaporation was rapid enough so that 
the water remaining in the sample froze. Evaporation continued until 
the material was dry. The gauze was then placed in standard semen 
diluter and viable sperm recovered. The sample was used for inseminat- 
ing a cow. Refinement of this technique for practical use could add a 
very useful tool to the management of dairy cattle reproduction. How- 
ever, much additional work must be done to make this technique useful 
under practical conditions. 

Inseminating the Cow 

Figure 5.2 shows the technique of artificial insemination in the female. 
A gloved hand is inserted in the rectal cavity. The reproductive tract is 
grasped gently, %vith care taken not to injure it or the intestinal wall. 
A catheter ^vith a squeeze bulb on the end is filled mth semen and in- 
serted in the vagina. By working the catheter and manipulating the cervix 
with the gloved hand the catheter is moved into the cervix. This is 
usually possible except in some heifers which have not calved. Semen 
may be deposited in various places, usually just inside the uterus or in 



Figure 5.2. Diagram showing the most widely used technique for artiRclally breeding 
cattle. 
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the cervix. Semen is deposited just outside the cervix when it is not 
possible to penetrate that organ. 


EFFECTIVENESS OF ARTIFICIAL INSEMINATION 

WTien good quality semen and proper techniques are used, concep- 
tion rates ^vith artificial insemination equal or surpass those obtained 
in natural breeding Breeding efficiency for this system is commonly 
reported as 30 to 60 or 60 to 90 day non-returns to service. The figure 
used is the percentage of animals bred for which a request has not been 
received for re-breedIng. There are, of course, always a number of 
animals included which do not conceive but for which no request for 
re-breeding is made. A non-return rate at 60 lo 90 days after breeding 
of 70 per cent is desirable. Several breeding establishments consistently 
maintain average non-retum rates somewhat above this. The non-retum 
rates for individual bulls vary greatly, depending on the quality of the 
semen they produce. 


ARTIFICIAL BREEDING ORGANIZATIONS 

A majority of the artificial insemination done in this country utilizes 
semen from bulls o%vned or leased by artificial breeding organizations. 
These may be private business operated for a profit, or they may be 
co-operative in nature, operated for the service of the members. The 
latter are more numerous. 

In these organizations bulls are Icept in a central location, adjacent to 
laboratory and office facilities, to allow for processing the semen and 
maintaining proper records. Technicians employed by the breeding or- 
ganization are stationed throughout the area served by it. Semen is col- 
lected from bulls in the stud on a regular schedule. This is established 
by the stud management, talang into account the public demand for 
the bull, his semen-producing capacity, and future plans for his use. 

Semen is shipped m refrigerated containers to eadi of the technicians, 
using whatever means is most effident in the area served. Dairymen de- 
siring the use of artificial insemination notify the fechnidan, who brings 
the semen to the farm and performs die breeding. Generally, the tet*- 
nician is responsible for collecting the breeding fee, which, of course, 
varies with the conditions involved Current fees average about §6 00 
per cow bred. It is the practice of most artificial insemination organiza- 
tions to provide a second and third service free of charge if the cow 
does not conceive. Subsequent services are frequently provided at a 
reduced rate. 
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Artificial Insemination in Individual Herds 

In addition to utilizing the services of breeding organizations, a num- 
ber of larger operators practice artificial insemination within individual 
herds where the bull may be present. The advantages of extending the 
use of bulls, particularly during the heavy breeding season, of disease 
control, and of the use of bulls unable to mount are available in this 
system. Semen from outstanding or popular bulls individually owned is 
frequently marketed for use through artificial insemination. 

National Association of Artificiol Breeders 

Groups in the business of artificial insemination have formed a na- 
tional organization for the promotion of artificial breeding and for the 
obtaining and dissemination of technical and business information con- 
cerning it. The organization is called The National Association of 
Artificial Breeders. Its headquarters are at Columbia, Missouri. A 
monthly paper, the A.I. Digest, is published by the organization. 

RECORDS IN ARTIFICIAl INSEMINATION 

With large amounts of semen from a number of bulls distributed over 
a wide area, the maintenance of accurate records to identify the sires 
used in artificial insemination is of great importance to all dairymen. 
It is an absolute necessity for the purebred breeder. 

The identity of semen is carefully preserved by all the breeding or- 
ganizations. The name or number of the bull is attached to or stamped 
on the individual container used for each shipment. Many organizations 
identify the semen of each breed with a harmless dye. 

At the time a cow is bred the technician issues a breeding receipt to 
the owner. This contains the identification of the cow and the sire, and 
the date, and is certified by the inseminator. A copy of a typical receipt 
is presented in Figure 5.3. 

Regulations Concerning the Use of Artificial Insemination 
in Purebred Herds 

The Purebred Dairy Cattle Association (P.D.C.A.) has developed a 
set of rules and regulations for the use of artificial insemination of 
purebred cattle from which calves are to be registered. 

They are too detailed to report completely here but may be found in 
the reference material listed at tlie end of the chapter. A few points 
are given here. 
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Figure 5 3 A typical breeding receipt luved cl the time of irwemlnolion, 
meeting the requirements of the Purebred Ooity Cotrie Associot on Courtesy 
Maryland West Virginia Bull Stud and the Purebred Dairy Cattle Associotion 
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Registrations of calves resulting from artificial insemination with fresh 
semen from bulls owned within a herd are handled much the same as 
wth natural breeding. When fresh semen is transferred between herds, 
special application forms must be completed and filed with the breed 
association. 

Special contracts are required wth each semen producing business, 
and the signature of each approved inseminator must be on file with 
the breed associations. 

A breeding certificate, like the one shown in Figure 5.4, is required 
when cows are bred by an inseminator representing a semen producing 
business. The P.D.C.A. and breed associations reserve the right to cancel 
contracts, or withdraw approval, of any inseminator when evidence in- 
dicates the rules are not being properly followed. 

Blood typing is required for all bulls owned by semen producing 
businesses, and for privately owned bulls from which frozen semen 
is used. 
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TWENTY to twenty-five per cent of the producing animals leave the 
average dairy herd each year because of low production, disease, poor 
breeding efficiency, or other reasons. A continuous supply of good- 
quality replacements is essential if efficient production is to be main- 
tained. Well-grown, healthy heifers are the most desirable source of 
these replacements. Also, sale of foundation stock to other herds is an 
important part of the business of many dairy enterprises. Adequate 
care and management must be practiced throughout the life of all 
heifers to develop them to their full potential. 

The management of the herd replacement begins before the calf is 
bom by providing it with a well-fed, healthy dam selected for ability 
to tTansmit the characteristics desired in the mature animal. Use of a 
sire with the ability to transmit desirable characteristics is equally im- 
portant. 


CARE OF THE CAIF AT BIRTH 

The calf should be bom in a sanitary, dry environment. A sanitized 
maternity stall is the place of choice in most herds. Where space and 
season are appropriate, birth on a clean pasture or lot is ideal. At birth 
the mouth and nostnls should be checked and cleared of any material 
which may interfere with normal breathing. Also it is desirable to 
sanitize the umbilical cord and the area ^vhere it enters the body with a 
standard disinfectant 

A normal healthy calf should be on its feet and nursing within thirty 
minutes after birth In extreme weather, the calf may be dried off after 
birth by rubbing \vilh a doth. However, the dam does a good job 
of this under usual conditions. It is a good practice to allow the calf 
to nurse the dam for the first two or three days. However, when cer- 
tam calfhood diseases are present withm the herd, or if it will make 
handling more efficient, the calf can be taken from the dam immedi- 
ately. Regardless of the practice followed, the calf should be fed 
colostrum for the first two days 
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Housing 

The calf is best maintained in an individual pen or stall for the first 
few weeks. This allows more careful attention to individuals and pre- 
vents calves from sucking each other, which may lead to udder diffi- 
culties at maturity. After about eight weeks of age, it may be handled 
with a group. Details on space requirements and structures which may 
be used during the growing period are given in Chapter 10. In areas 
where parasites are a particularly serious problem young calves may be 
housed in individual portable pens which can be moved frequently. 
This system of housing is used successfully in many sections of the 
country. It may be helpful in controlling respiratory infections as well 
as parasites. Simple structures, providing shelter in line with climatic 
conditions, with most of the floor area made up by the ground, are ade- 
quate for these pens. 


FEEDING CALVES AND HEIFERS 

The feeding program is the most critical factor in the management of 
the young calf. Nutrient requirements for growing dairy calves and 
heifers are shown in Table 6.1. This table also includes desirable rates of 
gain for them. It should be pointed out that the values in Table 6.1 are 
minimum requirements, and under farm conditions 10 to 15 per cent 
more energy and protein may be profitably included to allow for varia- 
tion in feed composition. 

Table 6.2 contains information on the nutrient composition of total 
rations and amounts which when fed daily will supply the nutrient re- 
quirements listed in Table 6.1. More details on the kinds and amounts of 
feeds which may be included in practical rations are considered later 
in this chapter. 


Feeding Young Calves 

For convenience, systems of feeding young dairy calves may be di- 
vided into four categories. In practice, there are no sharp dividing lines 
between the systems and many actual feeding programs overlap these 
categories. They are: 

1. Nurse cow. 

2. Whole milk or skim milk. 

3. Limited whole milk, dry calf starter. 

4. Milk replacer, dry calf starter. 



TABLE C 1 DAILY NUTRIENT REQUIREMENTS FOR NORMAL GnO\VTII OF DAIRY HEIFERS 

(Diwl on fcfd containing IM pw cent dry imtlcr ) 
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TABLE 82 NUTBIENT CONTENT OF KATIONS FOR DAIRY HEIFERS 
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The systems above are listed in order of increasing demand for man- 
agement skill in raising calves With good sanitabon little other man 
agement is needed when calves are raised on a nurse cow Considerable 
attention and skill are needed for the last sjstem ^\^lere market milk 
IS sold, the s> stems listed are in decreasing order of feed cost. In situa 
tions where milk is sold for manufacturing purposes, the milk replacer 
system is frequently imeconomical 

Regardless of what system is used, the newborn calf should receive 
colostrum, preferably by nursing the dam, for the first 4S boars The 
most important contribution of colostrum hes in anbbodies associated 
with the globulin fraction of the protein The blood of the newborn calf 
has practically no antibodies and it is essential that the calf obtam 
them if it IS to survive against several diseases, particularly those creating 
symptoms m the digestive system It is also important that colostrum be 
given early to the calf, since after two days of life it loses the abfljt> to 
absorb antibodies through the intestinal vvalL 

In addition to antibodies, colostrum is high in total protein, it suppbes 
extra amounts of vitamin A (if the cow is consuming adequate caro- 
tene) and it contributes a laxative effect If for any reason colostrum 
from the dam is not available, every effort should be made to obtam it 
from other sources Excess colostrum may be frozen and stored for 
emergencies 

Use of nurse cows Probably the easiest way to raise calves is to 
allow three or four of them to nurse a cow Calves should be taught to 
eat ha> and a calf starter (a gram mixture designed to meet the needs 
of growing calves) before weanmg. Calves may be earned on this 
s>stem for as long as six months, or they may be weaned at two or 
three months Care should be taken to adjust the number of calves to 
the production of the cow 

If the calf is weaned at two or three months, it should be eating at 
least two pounds of a calf starter per day and appreciable amounts of 
good-quality ha> at that time, if it is to maintain reasonable growth- At 
this age up to four pounds of caU starter per day may be fed if the 
calf will consume it 

Hawing calces on whole or shm milk. IVhen the calf is removed 
from its dam, it may be fed by teaefamg it to dnnk, or the milk may be 
given in a nipple pafl Milk of moderate to low fat test tends to reduce 
the chance of digesbv e uj»ets The rate of milk feeding should be about 
10 per cent of the calTs wei^t per day, up to a maximum of tea to 
twelve pounds per day This should be divided mto at least two feed 
mgs a day If there is any question of digestive upsets, under feeding 
IS more desirable than overfeedmg. If scouring occurs the milk allow 
ance should be reduced to one-half or less until the calf recovers 

aeanlmess and saniUtion are absolutely essential for aH utensils 
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used in feeding calves. It is usually recommended that milk be fed at 
a constant temperature each day, preferably at 95® to 100° F. However, 
under conditions of good sanitation and low incidence of disease, calves 
can tolerate considerable variation in feeding conditions. 

If skim milk is readily available, it may be gradually substituted for 
whole milk as the calf reaches two or three weeks of age. Because of its 
lower fat and energy content, it is usually recommended that about 
25 per cent more be fed than when whole milk makes up the ration. 
Older cah'cs may be fed all the skim milk they will consume if they are 
gradually accustomed to it. 

If milk supplies are plentiful, calves may be continued on it for up 
to six months of age or longer. However, they may be ^veaned to grain 
and hay any time after two and one«half to three months. Feeding from 
this period on may be handled as described below. 

Raising calves on limited whole milk and dry calf starter. Under 
this system calves may be raised successfully with amounts of whole 
milk varying from 175 to 400 pounds. The advantage of this system is in 
the substitution of cheaper nutrients in grain and hay for those in milk. 
Calves raised under this program may not be as smooth or grow quite 
as fast during the first few weeks. However, by 18 months of age there 
should be little difiterence. 

The calf should be fed colostrum and taught to drink as mentioned 
previously. A sample milk*feedmg schedule is presented in Table 63. 
This may be varied within the limits of total milk mentioned above. The 
thriftiness of the calf should be considered, with weaker calves receiving 
milk for a longer period than strong, well-grown ones. By the beginning 
of the second week, a dry calf starter and hay should be fed. 

TABLE G.3. SUGGESTED MILK FEEDING SCHEDULE 
For Calves Raised on the Limited Whole Milk Dry Calf Starter Method 

Daily Allowance of Milk 



Large Breeds 

Small Breeds 

Age 

(pounds) 

(pounds) 

1 -■ 3 days 

colostrum 

colostrum 

4-7 days 

8 

5 

2nd week 

9 

6 

3rd week 

10 

7 

4th week 

8 

7 

5th week 

6 

6 

6th week 

5 

5 

7th week 

3 

4 

8th week 


3 

Gth week 

- 

3 


Dry calf starter. The calf may be introduced to the starter by placing 
a small amount in its mouth following the feeding of milk. A small 
amount put into a feed box each day xviil induce the calf to eat regu- 
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Calves should be handled as indicated on the limited milk-dry calf 
starter method, except for the substitution of the milk replacer for most 
of the milk. While the saving in milk may be important, the cost for 
labor and management will be greater than in a program utilizing whole 
milk. 

Calf-raising programs which call for emphasis on grain with limited 
hay intake, and ^ose which rely heavily on hay with only a small 
amount of grain, have both been successful when properly managed. 
The first system emphasizes the use of liigh-energy feeds, and allows 
rapid growth during the early weeks. The latter method depends upon 
the rapid development of rumen function and the ability to utilize 
roughage early. The decision as to which method to use should be based 
upon the availability and cost of grain and high-quality hay, and the 
degree of management available for die calf herd. 

Antibiotics for calves. An increased growth rate has been shown 
when young calves are fed certain antibiotics. They also reduce the 
incidence of scours. Advantages in growth rate are limited to the early 
weeks, and heifers not fed antibiotics catch up quickly. Unless manage- 
ment conditions are better than average, the feeding of broad-spectrum 
antibiotics such as the tetracyclines will probably pay off in reducing 
disease and mortality. The usual rate is about 15 to 20 mg. per 100 
pounds live weight per day. Antibiotics are of most benefit to the 
younger calves and may be added (o the miik fed to them. Milk re- 
placers and calf starters may also be used as vehicles for antibiotics. 
Including antibiotics in the feed should not be used as a substitute for 
good management and sanitation. 

Cud inoculations for calves. When the feeding program includes high 
amounts of forage, it has been suggested by some research workers that 
cud material be taken from a ruminating cow and fed to the young calf. 
This is to establish the microflora more rapidly in the rumen. Calves 
in extreme isolation apparently benefit from this, but research has in- 
dicated that under most farm conditions normal rumen bacteria be- 
come established quickly without inoculation. 

Silage for calves. Good-quality silage may be substituted for all or 
part of the hay in the calf ration under certain conditions. Calves will 
usually not eat as much dry matter in the form of silage as in the form 
of hay. More grain should be fed when silage makes up the only forage. 
Silage may be fed as part of the forage, with hay fed free-choice in ad- 
dition. > 

Recommended Feeding Practices Following Weaning 

If the calf is weaned at six to eight weeks, it should he eating at least 
rivo pounds of starter per day as well as appreciable amounts of hay at 
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larly Calf starter may be fed on a free choice basis up to a maximum 
of three and one half to four pounds per day Calves should be con 
summg this amount by about three months of age If espeaally rapid 
growth IS desired more gram may be fed 
A great variety of calf starters are available commercially which pro 
vide adequate nutrition When excellent quality hay and good manage 
ment are available, calves will perform satisfactorily on a simple gram 
mixture or the mixture fed the milking herd If a simple mixture is used, 
calves should have access to sunlight or other adequate sources of 
vitamm D Sample formulas for two types of calf starters are given in 
Table 6 4 If a complex starter is used, it should be replaced by a simple 
mixture or the herd ration, at about four months of age 

TABLE 6 4 GRAIN MDCTUBES FOR YOUNG CALVES 


Starter Simple 

Mixture Mixture 

Ingredient (lbs ) (lbs ) 

Ground or cracked shelled com and/or barley 820 770 

Oats 400 400 

Wheat bran 300 300 

Soybean meal 250 400 

Linseed meal 200 

Alfalfa leaf meal 100 100 

Cane molasses 100 

Antibiotic (tetracycline type) 20 (grams) 

Irradiated yeast 20^ — 

Dicalcium phosphate or steamed bone meal 20 20 

lodixed salt 10 10 

20005 2000 


Because young calves chew their gram well xvhole com or oats may 
be included m the ration for the first four to six months Other harder 
grams should be cracked All grams should be ground for older animals 

Hay The best quality hay available should be used for young calves 
Leafy, fine-stemmed legume hay is most desuable However, good 
quahty mixed hay or early-cut grass hay may be used satisfactorily 
Fresh hay should be provided daily starting at two weeks of age The 
calf may be allowed all the hay it 'viU consume, unless it is m short 
supply or overly expensive 

Vanaitons on the Itmtled trhole mtlk-dry calf starter method Milk 
replacers have been developed xvhich may be used to replace all but 
50 to 60 pounds of whole milk in the calf feedmg program The most 
successful of these are based on milk or milk by products Milk replacers 
are usually designed to be mixed with water and fed m a manner simflar 
to milk Although calves may not be quite as thnfty m early life with 
this method satisfactory results ma> be obtained when a good quality 
milk replacer is fed accordmg to duecuons supplied with the product 
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Calves should be handled as indicated on the limited milk-dry calf 
starter method, except for the substitution of the milk replacer for most 
of the milk. While the saving in milk may be important, the cost for 
labor and management will be greater than in a program utilizing whole 
milk. 

Calf-raising programs which call for emphasis on grain with limited 
hay intake, and those which rely heavily on hay with only a small 
amount of grain, have both been successful when properly managed. 
The first system emphasizes the use of high-energy feeds, and allows 
rapid growth during the early weeks. The latter method depends upon 
the rapid development of rumen function and the ability to utilize 
roughage early. The decision as to which method to use should be based 
upon the availability and cost of grain and high-quality hay, and the 
degree of management available for the calf herd. 

Antibiotics for calves. An increased growth rate has been shown 
when young calves are fed certain antibiotics. They also reduce the 
incidence of scours. Advantages in growth rate are limited to the early 
weeks, and heifers not fed antibiotics catch up quickly. Unless manage- 
ment conditions are better than average, the feeding of broad-spectrum 
antibiotics such as the tetracyclines will probably pay off in reducing 
disease and mortality. The usual rate is about 15 to 20 mg. per 100 
pounds live weight per day. Antibiotics are of most benefit to the 
younger calves and may be added (o the milk fed to them. Milk re- 
placers and calf starters may also be used as vehicles for antibiotics. 
Including antibiotics in the feed should not be used as a substitute for 
good management and sanitaticax. 

Cud inoculations for calves. When the feeding program includes high 
amounts of forage, it has been suggested by some research workers that 
cud material be taken from a ruminating cow and fed to the young calf. 
This is to establish the microflora more rapidly in the rumen. Calves 
in extreme isolation apparently benefit from this, but research has in- 
dicated that under most farm conditions normal nimen bacteria be- 
come established quickly without inoculation. 

Silage for calves. Good-quality silage may be substituted for all or 
part of the hay in the calf ration under certain conditions. Calves will 
usually not eat as much dry matter in the form of silage as in the form 
of hay. More grain should be fed when silage makes up the only forage. 
Silage may be fed as part of the forage, with hay fed free-choice in ad- 
dition. 


Recommended Feeding Practices Following Weaning 

If the calf is weaned at six to eight weeks, it should be eating at least 
two pounds of starter per day os well as appreciable amounts of hay at 
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that time. Hay should be continued free-choice. Starter should be fed 
free-choice until the calf is eating three and one-half to four pounds 
per day. At the age of four months, a sunple grain mixture or the herd 
ration may replace the calf starter, if a complex mixture or commercial 
feed has been used. Recommended levels for concentrate feeding can 
be derived from Table 6.2, based upon the size of the calf and the 
quality and amount of forage consumed. Feeding higher levels of con- 
centrate may be practiced if faster growth is desired. 

Throughout the groiving period, forage should be supplied free- 
choice. As the heifer approaches calving, care should be taken that 
enough nutrients are supplied to support pregnancy. High production 
will generally be achieved with less feed if cattle are well-grown and in 
good flesh at calving time. Samples of rations which will provide ade- 
quate nutrition for growing heifers are included in Table 65. 

Pasture -for grmcing heifers. Calves six to eight months of age will 
obtain many nutrients from pasture but should be supplied additional 
hay and grain. At about the age of one year, heifers can live entirely 
on good-quahty pasture with supplemental salt and an ample supply 
of %vater. Care should be taken that there is adequate forage available. 
If pastures dry up or are in short supply, supplementary forage or grain 
should be fed. 

Growth standards for heifers. Table 62 contains average growth 
rates and weights at specific ages for dairy heifers. In some herds, feeding 
for faster grmvth and early breeding may be desirable and provide an 
economic advantage. Care should be taken to prevent heifers from 
becoming overly fat, which frequently is accompanied by excessive fat 
deposition in the udder. This interferes with normal development of 
secretory tissue and results in lowered milk production. 

Good management of growing heifers includes frequent checking of 
growth progress and adjusting feed accordingly. If facilities for weigh- 
ing are not available, weight can be estimated by measuring the heart 
girth \vith a tape especially designed for this purpose. 


MAINTAINING HEAITHY CALVES AND HEIFERS 

The pnnciples of a good health program discussed in Chapter 10 
apply to young animals. A few diseases and disorders of particular im- 
portance to calves are discussed here. 

Calf Scours 

Difficulty mvolving the digestive tract of calves, resultmg in diarrhea, 
or scours, is probably the most senous problem in calf raising. The cause 
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of most calf scours is unJcno\vn, but because of the characteristics of 
many outbreaks, and meastires which are helpful in control, it appears 
to be infectious in nature. It is likely that viruses are involved. The feed- 
ing program may have a contributory or causative effect in some cases. 
Coccidiosis and other parasitic infections also result in scours. The 
death of calves or prolonged periods of unthriftiness and poor growth 
result. Some animals never do reach nonnal development as a result 
of scours. 

Scours are frequently differentiated according to their severity and the 
characteristics of the diarrhea im'Dlved. "Whether these differences rep- 
resent actual differences in infections is not kno^vn. "White scours," for 
example, is the term ^ven to a dianhea which is loose, light-colored, 
and %vith a foul odor. This usually occurs in the first few days of life. 
Severe scouring may occur without discoloration of the feces. 

The progress of scours in very young calves may be rapid, with death 
occurring a fe^v hours after symptoms are first observed or within two 
or three days. Mortality can be hf^ in serious infections. In addition to 
diarrhea, affected calves exhibit depression, lack of appetite and evi- 
dence of dehydration. 

The treatment for scours is the use of sulfa drugs or antibiotics or 
combinations of them. Antibiotics of the tetracycline spectrum have 
proved most effective. Feeding should be limited. 

Colostrum from the dam or another fresh cmv is essential to provide 
the newborn calf xvith antibodies against agents causing scours. Be- 
cause of changes in the digestive tract of the calf, the ability to absorb 
antibodies is lost fairly rapidly. Colostrum is roost effective during the 
first 24 hours of the life of the calf. It is relatively ineffective after 4S 
hours. 

Maintaining strict sanitation in the area where the co%v calves and 
where young cali'es are housed is of extreme iroportance. Adequate feed 
intake without 0 %’erfeeding is important Sudden marked changes in 
the quantity and quality of feed should be avoided where scours is a 
problem, l^^ule not a substitute for good management, the routine feed- 
ing of antibiotics in the milk, milk replacer, or calf starter is helpful. 
These may be supplied at the rate of 20 miUigrams per 100 poun^ of 
body weight 

At tiroes ver>' acute infections of calf scours are present in a herd. 
Peath occurs early in life and no treatment is effective. In this situation 
it may be necessar>' to isolate newborn calves as quickly as possible after 
birth in quarters as nearly sterile as possible. Colostrum should be pro- 
vided, but, to avoid picl^g up the infection from the dam, the calf 
should not be allowed to nurse Under these conditions, the maternity 
pen should be thoroughly sanitized before each cow is brought in. Most 
calves can be saved if thorough sanitary precautions and effective iso- 
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lation are practiced, and the calf is fed carefully, with antibiotics in the 
feed. 

In some instances, blood transfusions from mature animals have been 
utilized to give the calf immune bodies quickly as protection against 
severe scours. 

Respiratory Diseases of Calves 

Like most other animals, calves are susceptible to respiratory infec- 
tions which may have the appearance of the common cold or the more 
serious conditions of pneumonia. Pneumonia often accompanies, or ap- 
pears as a complication of, scours. It can be rapidly fatal. 

Again, the causative agents are not known; however, research is in- 
dicating that cattle are probably affected by a number of viruses which 
result in cold symptoms. The way these infections are acquired is not 
well understood. Stress on an animal may be involved, making it sus- 
ceptible to the action of infectious agents which are continuously pres- 
ent. Some evidence exists to indicate that waves of infection pass 
through a herd, started by new animals in a herd or other outside 
contacts. 

Prevention includes, as usual, the practice of good sanitation and 
the elimination of contact or trafBc between herds or groups of cattle. 

Good ventilation Is extremely important. Confinement of calves in 
humid quarters, barns, or pens subject to sudden changes of temperature 
or drafts should be avoided. All of these appear to place stress on calves, 
making them more subject to respiratory illnesses. Housing of the type 
shown in Figures 11.3 and 11.6, pages 190 and 194, is recommended. 


GENERAL MANAGEMENT OF CALVES 


IdentiricoHon 

AU calves should be permanently identified as soon as possible after 
birth. An ear tag system is most satisfactory. Without permanent iden- 
tification, the parentage and other information on calves is frequently 
lost. 

Ob^'iously, in addition to marking the caff, adequate records must be 
kept. Tattooing identifying numbers on the ear of lighter or solid- 
colored calves, and making color sketches of animals of mixed color, 
are the most satisfactory methods of identifying cows for record-keeping. 
^Vhere purebred cattle are involved the system required by the registry 
association should be followed. Application for registry should be made 
hnmediately. 
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Dehorning 

Dehorning should be practiced on all calves. Homs on cattle are a 
source of injury to animals in the herd and people working with them. 
In years past, horns have had interest in the show ring, but this is no 
longer the case. 

Dehorning may be accomplished by burning with an iron designed 
for the purpose, or by removing surgically with special tools or by 
destruction with a strong caustic. Each of the methods should be ap- 
plied when the calf is only a few weeks old. Specific procedures should 
be followed according to the directions for the equipment used or as 
prescribed by a veterinarian. 

Semovel cf Extra Teotc 

Teats on the udders of heifers in excess of four are usually best re- 
moved. Frequently, limited amounts of milk may be secreted by extra 
teats, creating difficulty at milking time. It is important in removing 
supernumerary teats to be positive that it is an extra one being removed 
and not one of the four which would nonnally become functional. 

Extra teats may be removed by a veterinarian or by an experienced 
herdsman who makes sure proper sanitary procedures are followed and 
that the correct amount of tissue is removed. An opportune time to re- 
move extra teats is when the calves are being vaccinated for brucellosis. 

COST OF RMSWG HEIFERS 

In a majority of cases the total cost of raising replacement heifers 
is remarkably close to the market value of an animal ready to calve for 
the first time. Because of wide variation in prices in different areas and 
fluctuations from year to year, it is not possible to give specific figures 
for the cost of raising replacement heifers. The following is a list of 
die items which should be carefully evaluated in a calf-raising program. 

1. Value of calf at birth. 

2. Value of feed consumed, includuig milk; milk replacer, calf starter, 
growing ration or herd mix, hay, pasture, and silage. 

3. tahoT. 

4. Bedding. 

5. Veterinary services and medication, 

6. Depreciation and taxes on buildings and equipment 

7. Taxes cn the animal 

8. Interest on original investment and continuing investment in feed, 

labor, and so forth 
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Return from the heifer dm-ing the growing period is limited to the 
value of the manure she produces. 

There is a growing interest in raising calves commercially. In some 
large herds maintained for intensive milk production, there is frequently 
little attention given to raising replacements. Calves may be purchased 
from these herds at birth and sold when they are ready to start milking. 

RAISING CALVES FOR VEAL 

Bull calves and females not designated to be raised for replacements 
are sold for meat. These may be sold when one or a few days old or fed 
intensively to the age of approximately six ^veeks and then sold. 

The traditional method of raising veal has been to allow the calf to 
nurse all the milk it would consume until it reaches a weight of about 
200 pounds or more. No other feed is supplied. This produces a carcass 
which is very white and has had greatest market value. 

In areas where milk prices are low, or where cows are available 
for nursing, raising veal in this manner may be a profitable venture. 
When a ready market is available, milk usually provides a greater re- 
turn than veal. 

Recently, milk replacers have been developed which make possible 
rapid growth of young calves. These are usually based on dried milk 
products and a stabilized fat. Many people have successfully raised veal 
on milk replacers on an experimental basis, and success has been 
achieved in some commercial operations. The labor and management 
efforts involved frequently make this system rather impractical when 
only a few calves are raised in conjunction with a milking operation. 
Some operators have attempted to develop a veal business by buying 
bull calves from various sources and feeding them out in a central 
location. 

Disease is the major difficulty in this enterprise. When numbers of 
calves are assembled from several sources, scours and other diseases 
frequently reach epidemic proportion quickly, with a high percentage 
of mortality. Antibiotics, sulfa drugs, and careful sanitation can do much 
to counter the disease problem. A few carefully managed units are mak- 
ing a success of feeding large numbers of veal calves. However, the dis- 
ease problem remains an ever-present threat. With increased knowledge 
of the specific problems involved, veal raising on a commercial basis 
may become a profitable adjunct to the business of dairying. 

In some areas, markets wffich accept calves partially fed on grain and 
a milk replacer may he developed. A few calves have already found this 
type of market on an experimental basis. 
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A satisfactory dairy enterprise must pay all costs of production and 
provide for an adequate profit or management income to t e operator. 
Highly efficient operation is necessary if this objective is to be achieved. 
Costs of feed, labor, depreciation, bedding, and interest on invest- 
ment are major areas of expense in a milk-producing usiness. n 
surance, taxes, veterinary fees, and a number of other expenses must 
also be provided for. Accurate records of the cost of all items, and ot 
the amount and value of production are necessary if sound management 


decisions are to be made. , . j ^ .1 j 

Since each cow is in reality an individual production unit, detailed 
records on its production and consumption are necessary to eva ua e 
its usefulness. The market value of individual cows depends to a large 
extent upon their demonstrated ability for milk production. Therefor^ 
it is important that milk production be recorded in a manner which 
leaves the record free of any possible bias due to persona interest. 

A number of production record systems have been developed. Both 
the breed registry organizations and the federal and state research and 
extension services sponsor programs. Close co-operation between t lese 
two groups exists in several states. All of these programs ave een 
approved by the American Dairy Science Association. 


NATIONAL COOPERATIVE DAIRY HERD 
IMPROVEMENT PROGRAM 

The Dairy Husbandry Research Branch. Agricultural Research Service 
of the United States Department of Agriculture, working in co-operation 
^^^th tire dairy portion of the extension program in each state, makes 
able to dairymen a series of programs in production testing. Some of the 
details of each are presented below. Complete information is available 
from the College of Agriculture at your state university. Inquiries should 
be directed to the Supervisor of Production Testing, care of the Dairy 
Department, if you wish to initate a testing program in your herd. 
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Dairy Herd Improvement Association (DHIA) 


The Dairy Herd Improvement Association (DHIA) system is the most 
used system of dairy record-keeping. This program ^\orks as follows. 

A supervisor or tester employed fay tfae local testing association visits 
the herd one day each month He identifies all cows in the herd, weighs 
and takes representative samples of the milk from all animals in the 
herd for two consecutive milkings (from three milkings for herds on 
3x milkmg). He then combmes the milk samples and tests them for 
butterfat. (In many associations, this testing is done in central labora- 
tories.) Records are also obtained on the amount of grain fed each cow, 
and roughage consumption is calculated on a herd basis. Additional 
information on breedmg dates, calving dales, dry dates, and other 
factors affectmg the cow’s productivity is recorded. Cost or value data 
are obtained on feed used and milk or other products sold. 

Calculations are made, and information recorded, on production for 
individual coivs and for the entire herd. Feed costs and income for 


each cow are calculated and reported A considerable amount of other 
information is also recorded by the tester in a permanent herd book for 
use by the dairyman. As eadi cow completes a lactation, summary in- 
formation is recorded. At the end of the testing year, a herd average 
and summary are calculated 

The supervisor submits his reports to the county agricultural agent 
and the state supervisor of testing, who axe responsible for approving 
them. \Vhen properly used, this system of record-keeping provides the 
herd manager w'lth rather complete infonnation on his herd. In addi- 
tion, reports submitted by the supervisor to the state and federal agen- 
cies co-operating in the program supply a reb’able source of research 
matenal on die dairy industry. It is from these reports that bull proofs 
are developed 

Records produced in this manner are approved by the state super- 


visor of production testmg and may be iiublished as representing the 
performance of a given cow or herd. 

Vae of Electronic Data-Proceasing Machinea. Electronic data-process- 
ing machines have been adapted to processing records obtained by the 
supervisor. In this program, the supervisor obtains all of the data and 
mails them to a processing center. Here the data are submitted to the 
machines for calculation and summarization. The daifjman then re- 
ceives a permanent record sheet each month from the computing center 
A sample copy of this sheet is shown in Figure 7.1. A few programs pro- 
wde someivhat different information, but the one presented is used in 
most states. Present trends mdicate that elecWc data-processmg ma- 
ctoes svd] be nsed for most of the DHIA records m the near future. 
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The following material is in explanation of the information available 
to a herd manager from records of the type shown in Figure 7.1. 

Monthly Herd Stimmanj. The first line of figures running across the page 
carries information based on the daily average per cow, in other words, the 
average cow’s performance on the day of the month on which the herd was 
tested. These data give a month-to-month comparison on the performance 
of the herd. 

One of the few concepts of the central processing system is the computation 
of the percentage of net energy [^N.E.] furnished by each of the major feed 
sources. The amount of net energy is based upon the nutrient content of the 
various feeds, according to the amounts and quality reported by the supervisor 
on the bam sheet. 

The rate of roughage feeding is computed from the amount fed, comjgared 
to the average body weight, and is quoted in terms of “hay equivalent’ fed 
per hundred pounds of body weight A set of factors is used to convert pounds 
of silage, inferior quality hay, or pasture hays to their equivalent weight in 
good hay. 

The third line down is a ‘T2-month herd average” ^vh^ch will be shown each 
month. It will include all data since the herd was started on central processing. 
Thus, on first month’s sheet it is an “annual average” based on only one month’s 
data. Next month, the first 2 months’ information will be averaged, and so on, 
until at the end of 12 months a legitimate yearly figure will be available. After 
that, this computation will always include the previous 12 months, so a "roll- 
ing herd average” will be established. The comparison of this rolling herd aver- 
age to individual cows’ records at any time will provide a useful means of 
evaluating a cow’s production record, because each cow can then be com- 
par^ with her stabk-mates over a similar length of time. 

The “feeding index” is a percentage computation, obtained by dividing the 
amount of net energy received by the amount of net energy needed. All 
*®eds reported fed are included in die amount received. The amount needed 
includes adequate allowances for body maintenance of all cows in the herd 
plus the amount required for milk production at the average herd level. A 
feeding index of 100 indicates a balance between energy needed and energy 
provided. Several factors could cause this index to be either higher or lower, 
if It is above 100 it is possible that the amount or quality of the various feeds, 
especially forages, were estimated too high, that the herd may be gaining in 
body weight, or that the test day performance may have been lower 
than normal. The amounts of feed actually eaten by the herd should be en- 
tered, not the amount fed, which includes a considerable amount of waste. 
A low feeding index would indicate the opposite of the above conditions, 
cjince inost cows enter the herd as 2-year-olds and leave as mature cows, 
energy for growth must be provided. In most herds, a feeding index within 
a range of 110-115 would indicate that sufficient additional energy was being 
P^°''>ded to cover growth requirements. 

individual cow information. On each cow's line, under “test day data,” the 
number of pounds of concentrates fed is recorded. In addition, there is a fig- 
ure pounds indicated.” This is the amount required by each cow to provide 
energy for body maintenance and milk production. It takes into account the 
amount of forage each cow may have eaten in relation to her 
TOdy Weight as well as the amount received through concentrates. Its preci- 
depend largely upon how well the dairyman and the supervisor 
inmate the amount and quality of forages. The “pounds indicated” figure is 
fill Q recommendation on how much to feed, but it can be a use- 

^niount of concentrates fed must take into account body con- 
on, stage of lactation and other factors knowm only to the dairyman. 
m-^K te the test day data and the current month's production infor- 

• uon on each cow, each cow’s lactation-to-datc information is carried each 
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month Each cows infonnation will alu’ays be completely up to date in all 
details 

Explanatory notes appear at the bottom oi the sheet ^Vhen an asterisk ( • ) 
appears m the days-camed-calf column it shows that a cow has earned a calf 
more than 220 days and should be turned dry m order to have a ^-day dry 
penod before calving agam When an asterisk appears m the days m milk 
column it shows that the cow has been fresh more tlkn 60 days and no breed 
mg date has >et been reported so either die cow should be bred in order 
to obtain a normal calvnig mterval of 12 to 13 months or you should provide 
the supervisor with an up-to-date record of cows bred 
Inlerpretabon of special informabon included m the report (Figure 7 1) 

1 Cows 9 and 26-Noimal cows m milk, no change of status since the pre 

vious month 

2 Cows 28 and 56— Breeding date shown (m "status” column) 

3 Cow 42— Cow complebng a 305-day record while still m milk (# in Con 

dibon Affecting Record [CAR] column the last column) 

4 Cow 44— Cow termmabng a lactabon record of less than 305 ^ys by bemg 

sold (# and □ in C A R column ) 

5 Cows 45, 52 53 and 54— (• m milk) Breeding remmder 

6 Cow 46— (• in days cam^ calf) Drymg-off reminder 

7 Cow 48— Shows esbmaled record this month (1 in CA-R column) 

8 Cow 48— Cow dry both last month and this month 

9 Cow 49— Cow dry last month calved again old record terminated, new 

record started (OmCAR column) 

10 Cow 51— Cow abnormal masbtis (5 in C A R column ) 

11 Cow 54-Lame on test day foot rot (7 m Cj^R column ) 

12 Cow 67-Cow purchased while dry (negahve mcome oxer feed cost) 

13 Cow S5-Cow Purchased while m milk, calving date or previous produe* 

bon not known 

14 Cow S9-Temporary nurse cow too soon to test (9 m C A R column) 

15 Cows 46 48 49 59— Eartags for mde cows 

16 Cows 52, S3 54 56 59— First-calf heifers no days previous dry periods 

17 Cows 28, 49, 52— Old bam name abbreviate to cordorm to 6-sp3ce cen 

tral processing limit 

18 Informabon on lines with no cow idenbficabon numbers bam names or 

index numbers provide addibonal data for the cow on the preced 
mg Ime 

19 Informabon for addibonal cows will be listed on succeeding sheets 
Lifetime records for individual cows In addibon to the monthly 

record provided by a testing program it js important to have complete 
informabon on each individual cow assembled where it can be sum 
manzed easily A record book containing forms similar to the one shown 
m Figure 7.2 is recommended for this purpose 

Owner Sampler Records (OS) 


This system of record keepmg vanes from the D H program m 
that the owner weighs and samples the milk himself and records all 
other pertinent data The same summanes and calculabons are made 
for the owner as 'vith the D.H lA program Owner sampler records 
may be processed on electronic machmes Records obtained in this 
manner are for the use of the herd owner or manager They are not 
approved by any agency are used to a lumled ertent m proving bulls 




7J. A record form, ovoiloble for ore wi>H OHIA 
r^ocWi»«,, runTrarhlng ihe lifetime production, heollh, ond P 
ertce of o cow. 
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and cannot be published in the same manner as regular D.H.I.A. 
records. 

Weigh-A-Day-A-Month (W.A.D.A.M.) 

In this program, the owner weighs the milk from each cow one day 
each month, and enters the weight and feeding information on the forms 
provided. He mails the information and forms to the supervisor or a 
central office, where calculations are completed and summaries re- 
turned to the owner. Records made in diis system are for the use of the 
herdsman or owner only. 


BREED PROGRAMS 

The registry associations all sponsor testing programs as an aid to 
improving the quality of their cattle and as a method of publicizing the 
breed. Details of these programs are published in a booklet entitled: 
“Unified Rules for Official Testing” available from each breed association 
or from the State Supervisor of Production Testing. 

Herd Improvement Registry 

AU of the major breeds have a program of production testing of this 
kind. 

Testing is conducted by a supervisor or tester employed by the State 
Superintendent of Production Testing. The supervisor visits the farm 
involved for tivo consecutive milkings (three milkings for herds on 3x 
milking), identifies all cows in the herd, weighs the milk from each cow, 
and takes a representative sample from each milking. The samples are 
combined for determination of the fat content of each cows production. 
The supervisor records milk weight and fat tests on forms provided by 
the breed association and mails them to the association for processing. 
All registered cows, with few exceptions, must be included in the pro- 
gram, which is conducted on a yearly basis. Monthly and summarj’ in- 
formation is returned to the owmer from each test. 

Herd averages and production records of individual cows are certified 
and published by the breed associations. Production records are used in 
sire evaluation and in recognition programs of the associations involving 
outstanding animals and breeders. 

Advanced Registry (A.R.) 

This s>*stcm is known by vaiy'ing names in different breeds. It is not 
proNided by the A>Tshire Assodation. It is designed to pros’idc produc- 
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tion mformabon on one or more individual registered cows in a herd 
The State Supenntendent of Offiaal Testmg is responsible for the 
supervisors or testers who visit farms m this program A test penod of 
24 to 48 hours with a pre limin ary dry mflhmg is required each month. 
Daily milk weights must be kept and sent to the breed association 
monthly 

Records are used m much the same manner as mdicated for H I R 
testmg The A R program is the least used of those mentioned, and par- 
ticipation m It IS dechnmg 

Dairy Herd Improvement Registry (0 H t R.) 

This most recent of recording programs is conducted co-operatively 
by the breed associations and the Cooperative Dairy Herd Improie- 
ment Program In this system, records recognized as offiaal by both 
groups may be obtamed m one program The general provisions are 
as follows 

The herd must be already enrolled m regular D H I A , with the 
records processed by electronic equipment The owner makes apphca 
bon to the breed assoaation for inclusion in the D H I R. Program Sum 
manes of records processed at the DHIA computing center are sup 
plied the registry association, which utilizes them m the same wray as 
they do records from the regular breed programs 

Cost of Record-Keeping 

The cost of providmg the records discussed above is borne by the herd 
oivner There is some variation m charges, depending on the amoimt 
of service rendered Some area variations also occur The information 
provided by any of them is worth much more than the cost involved 

fftrsonol Records 

The foregoing ducussion has concerned record keepmg systems 
sponsored by vanous agenaes or organizations Personal record systems 
may be developed which are quite satisfactory Several groups mlerested 
m dairying have forms available for such records 

Choosing a Record System 

The decision of the individual dairyman as to what record system to 
adopt should be based upon the use he intends to make of the records 
No dairyman can afford to be without records of the amount and cost 
of Items going into production These are pro\aded by the D HJ A- and 
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the Ovvner-Sampler programs. A dairyman selling cattle for production 
purposes can benefit by having official records provided by the breed 
programs or D.H.I.A. 

Anyone deeply interested in purebred cattle mil find that ofiicial 
breed records provided by H.I.R,, A.R., or D.H.I.R. increase the market 
value of his cattle and make it possible for him to enjoy the benefits of 
the breed-recognition programs. The D.H.I.R. program answers all of 
the above criteria and appears to be one which will enjoy the most wide- 
spread participation. 


FURTHER READING 

Unified Rules for Official Testing, Peterborough, New Hampshire: The Pure- 
bred Dairy Cattle Association, revised 1959. 

Kendrick, J. F,, The DHIA Supervisors Manual, U.S D.A. Agricultural Hand- 
book 96, Washington, D.C.: U.S. Government Printing Office, revised 1957. 
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dairy character, as described in Figure 8.6, appear to be more closely 
related to production than other characteristics are. The correlation be- 
tween production and dairy character is reported as between .14 and .24. 

It is generally accepted by dairy-cattle geneticists that the characteris- 
tics for high production and the factors which establish body conforma- 
tion are inherited separately to a large degree. For high correlations to 
exist beUveen any two characteristics, they must be inherited in close 
association. 

The claim is sometimes made that cattle of good type have a longer 
productive life and reach higher production levels than those of poor 
type. This question is difficult to evaluate, since the type classification 
of an animal may itself be a more important factor in culling or disposal 
than failure of the animal to function properly. It may also affect the 
feeding and management conditions to which she is subjected within 
a herd. There is no doubt tliat such a fault ns weak udder attachments 
leading to a pendulous udder does restrict the usefulness of a cow. 


METHODS OF EVALUATING TYPE 
Breed Classification Programs 

Each of the dair>' breed associations employs trained men to classify 
or proWdc tj'pe evaluation on cattle registered %rith the association. This 



E^^'csMesSistg T^pe 
in ©CEEEY GcaEEH© 


‘TYPE” in dairy cattle is usually understood to mean the appearance 
and body conformation of an individual as compared to a standard of 
excellence. Since the earliest domesticab'on of cattle, men have striven 
to develop animals which excelled in appearance and conformahon. 
Developing individu^ and families which closely resemble the ideal 
established for the species or breed has been a source of satisfaction 
and pride to animal husbandmen wherever they have existed. 

Today, in addition to adherence to a specific standard, desirable t>'pe 
is understood by most dairymen to refer to the land of cow which is 
adapted to the pattern of modem herd management. Emphasis is placed 
on profitableness and meeting the reasonable needs of dairy farmers. 

ESTABIISHMENT OF TYPE STANDARDS 

A quotation is given in Chapter 1 of a type standard for dairy cattle 
in ancient Home. Ideals of type have existed, in many forms and s’aria- 
tions, in local areas since the beginning of anim^ husbandi)’. The 
standards for type in dairy cattle presently in use originated with the 
founding of purebred organizations in the last half of the nineteenth 
century. Type-classification programs w'ere started in this country in 1929. 
Type standards for dairy cattle are dynamic and subject to change- As 
nesv ideas or information develop, they are incorporated into the 
standards. ' 

Current Type Standards for Dairy Cattle 

Each of the major dairy-breed associations has an actise committee 
on dairy-cattle type. These meet regularly and ^e\^ew' and modify the 
t>'pe characteristics considered ideal for the breed. The 
tablished by this committee then becomes a ‘‘trademark" for the bre^ 

Figures 8 I, 8-2, 823, 84, and 8-5 depict the “tTue type" cmvs of the 

five major dairy breeds. . 

Type standards for the major breeds are remarkably similar, 
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Figure 87. The parts of the dairy cow Courtesy the Purebred Dairy Cattle Association. 


dairy character, as described in Figure 8 6, appear to be more closely 
related to production than other characteristics are. The correlation be- 
tween production and dairy character is reported as between .14 and .24. 

It is generally accepted by dairy-cattle geneticists that the characteris- 
tics for high production and the factors which establish body conforma- 
tion are inherited separately to a large degree. For high correlations to 
exist between any two characteristics, they must be inherited in close 
association. 

The claim is sometimes made that cattle of good type have a longer 
productive life and reach higher production levels than those of poor 
type. This question is difficult to evaluate, since the type classification 
of an animal may itself be a more important factor in culling or disposal 
than failure of the animal to function properly. It may also affect the 
feeding and management conditions to which she is subjected within 
a herd. There is no doubt that such a fault as weak udder attachments 
leading to a pendulous udder does restrict the usefulness of a cow. 


METHODS OF EVAIUATING TYPE 
Breed Classification Programs 

Each of the dairy breed associations employs trained men to classify 
or provide 1 ) 1)0 c\*aluation on cattle registered vilh the association. Tliis 
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service is available to persons owning registered cattle upon application 
and payment of fees. 

Detailed infonnation is given to the o'vner on the desirable and un- 
desirable characteristics of the parts of each animal classified. This 
enables the breeder to determine where he may wish to improve or 
change the body conformation in replacements chosen for the herd. 
It provides him \vith an estimate of how animals in his herd compare 
with the breed standard and with the average of other animals in the 
breed. 

Classifiers take info account the age» condition, and any injuries of 
the animal. An attempt is made to evaluate the strong points or weak- 
ness of cows as separated from the effects of environment. Having the 
classification done by a professional person provides an unbiased opinion 
It also places the classifier in the position of comparing the animals ui 
a given herd with those representing a large portion of the breed. 

Different terms are used by some of the breed associations to designate 
animals falling in various scoring ranges These terms and the scoring 
ranges they cover are included in Figure 8.8. More complete details 
about individual programs are available from each of the breed asso- 
ciations. 


BREEDS 


Sconng 

Range 

Ayrshire 

Brown Swisj 

Citemsey 

Jersey 

Holstefn 

90+ 

Excellent 

ExcelJenI 

Excellent 

Excellent 

Excellent 

BS-S99 

Very good 

Very good 

Very good 

Very good 

Very good 

S0-S4 9 

Good Flut 

Good plus 

Desirable 

Good pJuf 

Good Flu* 

75-799 

Good 

Good 

Acceptable 

Good 

Good 

70-74 9 

Fair 

Fair 

Fair 

Fair 

Fair 

65-69 

Fair 

Fair 

Poor 

Fair 

Fafr 

-63 

Fair 

Poor 

Poor 

Fair 

Poor 

Figure 8 8 

Sutn/npry of Termi Usecf In Herd-Cfonificstion Program* by the Five MajOi 


Dairy Breeds In addition to the term* Indvded here, (ome of the Breed Aisoelations 
report nutnericaf score* on cloui'fied onimalt 


The Show Ring As a Type Standard 

There are innumerable fairs and field-days each year in which cattle 
are shown in competition to determine the best body conforroation in 
each age group. These shows range from local county coverage to the 
large national and international show's held annually. 

In the show ring, the animals are evaluated by a competent judge 
and ranked according to over-all merit Numerical scores are not given. 
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but the evaluation is made in accordance with the system shown in 
Figure 8.6. Figure 8.9 is a picture of the placing of a class of cattle at 
a National Show. 



Figure 8 9. An outstanding <(ass of 3-Year<otd Guernsey cows, presented ot o national 
show. Courtesy The American Guernsey Cattle Club 


No allowance is made for injuries, disease, or condition. The animals 
are placed as they appear in the ring. Frequently animals place in 
different ranks in succeeding shows as their condition or appearance 
changes. Considerable sldll is associated \vith preparing an animal for 
the show ring and leading her in the show. Giving the details of this 
art would lake too long for this text. However, each of the breed asso- 
ciations provides excellent material on the Btting and showing of cattle. 

Probably the greatest contribution of the show ring to the dairy cattle 
industry is the interest and enthusiasm which it creates. In addition to 
the competitive desire among the participants to show the best animals, 
shows give otlier breeders an opportunity to observe the standards es- 
tablished for good cattle. Presentation of cattle where tliey arc observed 
by the general public is helpful in explaining the dairy industry for 
their benefit. 

The following list is of specific defects which are considered in the 
show ring. These are taken from the Dairy Cow Unified Score Card, 
by courtesy of the Purebred Dairj' Cattle Association. (In a show ring, 
disqualification means that the animal is not eligible to win a prize. Any 
disqualified animal is not eligible to be showm in the group classes. In 
slight to serious discrimination, the degree of seriousness is determined 
by the ludge.) 


134 


EtdlucUng Type in Dairy Cattle 


EYES 

1 Total blindness DisquahficatUm 

2 Blindness in one eye Slight discrttntnalion 

3 Cross-ejes Slight discrimination 

WRY FACE 

Slight to serfous discrtmlnafton 
CROPPED EARS 
Slight discrimination 
PARROT JAW 
Slight to serious discrimination 
SHOULDERS 

Winged Slight to serious discrimination 
TAIL SETTING 

Wry tail or other abnormal tail settings Slight to serious difcriminatUm 
LEGS AND FEET 

1 lameness— apparently permanent and interfering with normal function 
Disqualification 

—apparently temporary and not affecting normal function Slight dis 
crimination 

2 Buclied knees Slight to serious dtscnmtnafion 

3 Evidence of arthntis crampy hind leg Seriour dwcTim/nafion 

4 Boggy hocks Slight to serious discrimination 
ABSENCE OF HORNS 

Ao discrtminalion 
L4CK OF SIZE 
Slight to serious discrimination 
UDDER 

1 Blind quarter Disqualification 

2 Abnormal milk (bloody clotted waferyj Possible disqualification 

3 Udder definitely broken away in attachment Serious dtscrtmlnaiton 

4 A weak udder attachment Slight to serious discrimination 

5 One or more light quarters hard spots m udder obstruction m teat 
(spider) Slig/it to serious dtscriminatUm 

6 Side leak Slight ducTifninafion 

dry cows 

Among cows of apparentl> equal merit Cite strong preference to coics m 
mdk 

FREEMARTIN HEIFERS 

Duquolr/icoffon unless prozed pregnant 
O^’E^C0NT)^^0N'ED 

shglt to serious ducrimination 
TEMPOn.\RY OR MINOR INJURIES 

Blemishes or mjunes of a temporary character not affecting ammaTs useful 
ness Slight discnmmc ton 



DAIRY TYPE APPRAISAL RECCPO* 
SA DWW»eR, Anliwt Hg»ban*y 
R^. 
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Rgure 8.10. Dairy type appraisal record, prepared by the Extension Division, Animal Husbandry Department, Cornell Univer* 

ilty, Ithaca, New Yorh. 
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EVIDENCE OF SHARP PRACTICE 

1. Animals showing signs of having been operated upon or tampered with 
for the purpose of concealing faults in conformation, or with intent to 
deceive relative to the animal’s soundness: Disqualification. 

2. Uncalved heifers showing evidence of having laeen milked: Serious dis* 
crimination. 

Type Appraisal by Herd Managers 

The two systems of type appraisal just discussed are available only 
to owners of purebred cattle who participate in the programs outlined. 
There may be numerous instances in other herds where evaluation of 
type is desirable. Anyone may use the P.D.C.A. chart, shown in Figure 
8.6. A type-evaluation chart which provides more detail about individual 
parts of the animal is presented in Figure 8.10. This chart is particularly 
useful for the person learning to appraise type in his herd. If each animal 
is scored and a summary developed for the herd, it can be useful in 
evaluating strong and weak points in the herd, or in sire groups, as well 
as in selecting individuals. In addition to physical structure, the chart 
contains physiological characteristics which are helpful in arriving at 
the comparative value of cattle in a herd. 

lEARNING TYPE APPRAISAL 

The successful herdsman must be able to recognize and evaluate 
serious body defects in cattle for good herd management. If the herd is 
ta participate actively in purebred programs^ or to sen'e as a source of 
purebred stock, he must be thoroughly fanailiar with the type appraisal. 
Continual practice is the only way to accomplish this. 

Participation in formal courses and breed-sponsored judging schools 
and familiarity with available literature on the desirable type charac- 
teristics of the breed of interest are helpful. Observation of shows and 
classification programs is desirable. Several references to literature on 
type appraisal of dairy cattle are given below. 

FURTHER READING 

Purebred Dairy Cattle Association, Showing and fudging Procedures for Dairy 
Cattle. Peterborough, New Hampshire: The Purebred Dairy Cattle Associa- 
tion. 

Trimberger, G. \V., Dairy Cattle Judging Techniques, Englewood Cliffs. N. 1 • 
Prentice-Hall, Inc., 1958. 

Yapp, W. W., Dairy Cattle Judging and Selection, New York: John Wiley and 
Sons, 1939. 



9 


SeEecEmg earadi BceedsEsg 
BeaEcy GenCBBe fer PE-ofSE 


THE objective of dairy cattle breeders is to mate individuals whose 
offspring \vill be as close as possible to the ideal, in amount and char- 
acteristics of milk production and in body type. The degree of emphasis 
on each of these three items depends upon the market available and the 
desires of the breeder. In many instances, more specific factors, which, it 
is hoped, contribute ultimatdy to the abov’e goals, may be the ones 
actually chosen. Selection of animals for breeding on the basis of the 
information usually available is a difficult task. Not only is information 
limited, but the proper interpretation of it requires much effort and a 
bread background of technical knowledge. 

Always select the best animals possible when choosing animals for 
breeding. Selection of good males is extremely important because of 
their widespread use. An individual cow will have only a few offspring 
in a herd, ivhde a bull may be responsible for all the replacements for a 
considerable period. Dairymen who use a bull which transmits unde- 
sirable characteristics not only risk tlieir oivn future business, but they 
slow the progress of the entire dairy pioduchon industry. 


BASIS OF INHERITANCE 

The entire potential for estch new individual is equally divided be- 
tween the male and female reproductive cells which unite to form diis 
individual. This is true not only for what the new mdividual will be, 
but also for the characteristics it can pass on to its offspring in turn. 

Structure of Reproductive Cells 

All cells have a general structure similar to that shown in Figure 9.1. 
The nucleus of reproductive <«ns contains the structures which control 
inheritance. „ , , 

The nucleus of all cells cootams structures called chromosomes. These 
aie minute and threadlte m form Associated ssath each chromosome 
are many units caUed genes The genes are chemical units of inheritance, 
13S 
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responsible for all of the heritable characteristics of animals and plants. 
The exact method by which genes control the characteristics of new in- 
dividuals is not known. However, research has uncovered considerable 
information about the mathematical possibility for the occurrence of 
many characteristics. The number of genes affecting a given character- 
istic, and facts about the interaction of them, are known for some char- 
acteristics. 

Chromosomes exist in normal body cells in pairs. Each member of a 
pair of chromosomes carries genes for the same characteristics as its 
mate. Each gene is found at approximately the same location on its 
chromosome as its corresponding gene, or allele, on the other member 
of the chromosome pair. Thus, each cell contains a great many pairs of 
genes which account for all the inherited characteristics of the animal. 

In dairy cattle there are 30 pairs of chromosomes m each cell, wth 
unknown numbers of genes. The individual members of a pair of genes 
may be directed to the same, or widely different, manifestations of the 
characteristic to which they apply. For example, one gene may be for 
black color in cattle and its mate for red. There are all degrees of rela- 
tionship between different paired genes in exerting their influence on 
the appearance of an animal. One gene may be completely dominant 
over the other, so that only two conditions are possible in the live animal, 
or there may be intermediate expressions of the genes between the two 
extremes. 
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Genes are transferred to new individuals and manifested according to 
Mendelian principles, or Mendel’s Laws These are named for Gregor 
Johann Mendel, an Austrian monk, who was a student of heredity and 
established these principles in the late nineteenth century 
Cell division When body tissues grow by cell division, the chromo- 
somes and accompanying genes duplicate themselves, and each new 
cell is a replica of the parent cell This type of cell division is called 
mitosis It IS demonstrated in a simplified diagram in Figure 9 2 



Figure 9 2 Diogram outlining the duplication of chromojome* in cell diviiion during 
growth Two chromowmei ore shown In 1, the chromotome* become viiible o» ilender 
threads In 2, the chromosomes hove duphcoted themselves The thread-like strucTures 
ere colled the spindle The orgonhed structures on each side ore the cenirioles In 3, 
the duplicated chromosomes hove sforted to seporote In 4 the chromosomes hove 
moved to the oreo of the nuclei of the two new cells The beginning of the division 
of the cell membrane is Indcoted This dvson continues until there ore two sepo 
rote cells 

A Specialized type of cell division takes place m the formation of re 
productive cells (sperm and egg cells) in the testes and ovary This is 
called meiosts At a given stage of development, two cell divisions take 
place in fairly rapid succession In one of these the chromosomes do not 
duplicate themselves, thus, the resulting cells have only one-half the 
usual number of chromosomes, wth one member of each pair being 
represented The combinations of chromosomes occurring m each re- 
productive cell are a random sample of those present m the ongmal cell 
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There is frequently intertwining of chromosomes, \vith some breaking 
off and rejoining of material at the time of division, which adds to the 
number of possible new genetic combinations. 

A simple diagram indicating the process of meiosis is presented in 
Figure 9.3. 




Figure 9.3 Diagram outlining cell division giving one-half the normal number of 
chromosomes, os occurs in the production of eggs and sperm In 1, 2 and 3, cell divi- 
sion similar to thot shown In Figvre 9.2 Is Indicated. In 4 end 5 a cell division is shown 
in which there Is no duplication of chromosomes, resulting in one-half the usual chromo- 
some number. 

At the time of fertilization, the nuclei of the egg and sperm, each with 
one-half the usual chromosomes, join, and the normal chromosome num- 
ber is re-established in the zygote^ the cell that develops into the new 
individual. 

This procedure provides for 50 per cent of thfe offspring’s inherited 
traits coming from each parent. In addition, if accounts for the appear- 
ance of different phenotypes (the different kinds of appearance or per- 
formance of an animal) in offspring than are seen in either parent. The 
conditions of dominance and recessiveness, and the many interactions 
existing between genes, rarely result in the same milk production or 
other characteristics in the progeny as are shown by the parents. This 
also accounts for the considerable variation between full brothers and 
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sisters, since huge numbers of chromosome and gene combinations are 
possible where 30 pairs of chromosomes are involved 

{Dominance and reces^veness refer to a condition m which the 
phenotype of the animal shows the charactenstics of one gene, the 
dominant one, to the exclusion of the characteristics of its allele, the 
recessive gene Interaction is a term used to indicate situations m which 
the phenotypic expression of a characteristic may be the result of many 
genes actmg m different ways to influence the given characteristic ) 

Examples of Gene Interaction in Heredity 

Although the appearance and produong abihty of cattle are a result 
of their gene combinations, there is much maslang of one gene by its 
mate, or mteraclion between different genes This makes the determina- 
tion of genes actually present in an mdividual (its genotype) by obser- 
vation of its external appearance or abihbes (its phenotype) difficult 
and, m many instances, impossible 

Examples of two methods of interacbon of genes are given m Figure 
94 The color characteristic, shown in the first example, acts through 
complete dominance and recessiveoess Cows havmg genes BB or Bb 
are black, those having the gene combmation bb are red. (Capital letters 
indicate dominant charactenstics, louer-case letters, recessive ones ) 
Individuals having both members of a pair of genes the same (BB or 
bb) are homozygous for the characteristic, those with mixed genes (as 
Bb) are called heterozygous It can be readily seen that it is impossible 
to identify animals u^th the genotype Bb or BB from appearances alone 
The only way identificabon of the genotype of a smgle anunal can be 
made is by observing sufficient numbers of offspring from matings with 
animals having the genotype bb 

The second example presents the possible combinations when partial 
dommance exists The example is the inhenlance of color m Shorthorns 
In, this case, the genot>'pe is readily discernible from observing the 
phenotype 

In addition to the examples given, there are many more complicated 
instances of mteraction of genes, mcluduig those which involve more 
than one pair of genes The capacity for milk production, and many other 
economical^ important characteristics of dairy cattle, are controlled by 
many genes The level of several hormones, the amount of secretory 
tissue the abihty to consume and digest feed, and a number of other 
factors are undoubtedly mvolved m determining milk producmg abihty 
Mathematical anal>sis of production records and comparison of 
progeny with ancestors indicate that milk production is mainly in- 
herited on an additive basis That is, the producmg ability of a given 
ladiwdual is the sum of a number of factors inherited from each parent 
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Example I 

Simple Dominance and Recessiveness in Heredity as Shown by 
the Control of Color in Holstein-Friesian Cattle. (The degree of 
spotting or while coloring is controlled by other factors.) 



PARENT X 

PARENT Y 

Phenotype 

Black 

Black 

Genotype 

Heterozygous 

Heterozygous 


Bb 

Bb 


POSSIBLE OFFSPRING 


Genotype 

l.« BB 

Homozygous 

2“ Bb 

Heterozygous 

1.* bb 

Homozygous 

Phenotype 

black 

black 

red 


Example II 

Interaction of Genes (Partial Dominance) in Heredity as 
Shown by the Control of Color in Shorthorn Cattle. 



PARENT A 

PARENT B 

Phenotype 

Roan 

Roan 

Genotype 

Heterozygous 

Heterozygous 


Rr 1 

Rr 


POSSIBLE OFFSPRING 


Genotype 

1.* RR 

Homozygous 

2.“ Rr 

Heterozygous 

I.* IT 

Homozygous 

Phenotype 

red 

roan 

white 


• Numbers refer to the ratio in which these combinations are expected to occur. 
Figure 9.4 A Simple Demonstration of Two Types of Interaction Between Genes. 


A sample model system is presented in Figure 9.5. A little experimenting 
with other possible combinations maldng up an offspring from the 
parents shown in Figure 9.5 will help explain Utc great variation in pro- 
duction frequently observed in closely related animals. 


Inheritance of Economically Important Characteristics 

The successful animal breeder must have an understanding of the 
degree to which characteristics which he wishes to improve are heritable, 
and of tljc rate of progress he can reasonably e.xpcct to achieve. He also 
must use the best methods available to evaluate the animals under 
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GENOTYPE OF THE PARENTS 


Sire 



Total 


Total 


milk 


milk 


prod. 


prod 

3enes 

(lbs) 

Genes 

(lbs) 

A 

500 

a 

700 

B 

1000 

B 

1000 

C 

1500 

c 

3500 

D 

800 

d 

3700 

E 

600 

E 

600 

F 

600 


1200 

G 

100 

S 

350 


Sire s total potential production 
16 150 lb 


Dam 



Total 


Total 


milk 


mUk 


prod 


prod 

Genes 

(lbs) 

Genes 

(lbs) 

a 

700 

A 

500 

b 

600 

b 

600 

c 

3500 

e 

3300 

d 

3700 

D 

800 

e 

550 

E 

600 

f 

1200 

F 

600 

g 

350 

g 

350 


Dam s total potential production 
17^ Ib 


GENOTYPES OF ‘HVO OFFSPRING 

Inhertilng the Highest Possible and the Lotcest Possible Producing Ablllt]/ 
from these Parents 



Total 


Total 


milk 


mUk 


prod. 


prod 

Genes 

(lbs) 

Genes 

(lbs) 

a 

700 


700 

B 

1000 

b 

600 


3500 

c 

3500 

d 

3700 

d 

3700 

E 

600 

E 

600 


1200 

f 

1200 

g 

350 

g 

350 


Hipest potential production 21 700 Ib 





Total 




mUk 


prod. 


prod 

Genes 

(lbs) 

Ones 

(Rts) 

A 

500 

A 

500 

B 

1000 

b 

600 

C 

1500 

e 

3500 

D 

800 

D 

800 

E 

600 

e 

550 

F 

600 

F 

600 

C 

100 

g 

350 


Lowest potential production 12 000 Ib 


Flflore A model jhowmg hew mik product on might be inherited on on odcTtive 

bat u The lettert represent Inker ted foctort thot influence m Ik product on (There ore 
of course more then teren focton Involved olthough the eaoct number » unknown! 


consideration In evaluating animals for breeding purposes the under 
standing of a few terms is necessary 
Repealalnltly (r) This is the portion of supenonty or mfenonty of a 
given record on an mdividual as compared vvith the herd average, 
which may be expected in future performance of that mdividual Re- 
peatability for milk and fat production m dairy cattle is about 40 For 
fat per cent it is between ^ and 60 For example a cow produces 550 
pounds of fat m a herd with an average production of 500 pounds On 
the average 50 X 4 or 20 pounds difference from the 500-pound herd 
average, may be expected m future lactations by this cow in the same 

herd , , , 

HentabiUty (h) This is the portion of supenonty or infenonty, above 
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or below the herd average, that an animal transmits to its offspring. 
Heritability for milk and fat production in dairy cattle has been found 
to average about .25. For fat test, h is about .50. There is some varia- 
tion in this figure depending on the degree to which environmental in- 
fluences can be accurately estimated. For example; a cow in a herd witli 
an average production of 13,000 pounds of milk has an average produc- 
tion of 15,000 pounds. 2,000 X .25 or 500 pounds of this difference can, 
on the average, be credited to inheritance, and 1,500 pounds to favor- 
able environment. Similar adjustment should apply to animals producing 
less than the herd average. 

The above factors can be useful in making more realistic appraisals of 
the actual producing ability of cows. 

Production of milk and butterfat. The capacity for milk production, 
and the composition of milk produced, are inherited characteristics. 
Definite changes have been brought about by selecting animals for cer- 
tain production characteristics. Families or strains have been developed 
within breeds which exhibit characteristic butterfat percentages in their 
milk. Because heritability of these characteristics is not extremely high, 
progress in improving the producing ability of cows by selection and 
breeding is not very rapid, 

Recently, there has been increased interest in the inheritance of the 
solids-not-fat content of milk. Less is known about this than about the 
heritability of butterfat or total milk production. A large cchoperative 
research project is under way to establish more complete information 
about solids-not-fat and the degree to which it is inherited. With chang- 
ing demands by the public for food, it may become increasingly im- 
portant to provide milk of a high solids-not-fat content. Selection for this 
quality may be practiced In the future. 

Inheritance of Type Characteristics 

The characteristics making up good dairy typo are influenced to a 
slightly higher degree by heredity than are those for milk production. 
The coeiRcient of heritability here is usually found to be about .30. 
There is, of course, some variation about this figure in studies involving 
different populations of cows. However, it appears that progress in im- 
proving type can be as rapid as or slightly more rapid than for pro- 
duction. 

The repeatability of t>pe score on the same animal is about tlje same 
or a little lower than that for milk production. This is due to variations 
between men classifying the animal and to the changes which lake place 
as the animal becomes older. A major portion of variation is brought 
about when females arc classified before and after development of iJie 
\iddcr. This is logical when we consider that the udder makes up 30 
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per cent of the type score in mature cows and none of it in younger 
animals. 

Inheritance of feed efficiency and consumption. The degree of e£B- 
ciency with which the individual animal converts feed into milk is ex- 
tremely important This is an area which has not been adequately stud- 
ied, and more information is needed. Current studies indicate that 
there may be diSerences between families of dairy cattle in feed effi- 
ciency. 

A major factor in feed efficiency of dairy cows in regard to milk pro- 
duction is the amount of feed eaten. As the cow consumes more feed, 
the percentage of nutrients available for production, after the needs for 
maintenance are met, increases rapidly. The ability to consume large 
amounts of feed is essential for high production. Many hereditary fac- 
tors other than feed efficiency and consumption are limiting to milk pro- 
duction. However, it may well be that, as more information becomes 
available, this factor will be added to the list for consideration in select- 
ing dairy cattle. Feed efficiency and production level are highly corre- 
lated {r=:.71 to .75). 

FertUitt^ Present infcamatiOD indicates that only limited improve' 
ment in fertility may be made by selecting specifically for it. There is 
considerable self-selection against infertility in nature. Animals of low 
fertility leave substantially fewer offspring than those of high fertility. 
IVith the heavy demands of other items, where more progress can be 
made, the average breeder can gam little by includmg fertility in his 
list of items for selection. Of course, animals which have such a low rate 
of fertility that they are uneconomical producers should be eliminated. 

Undesirable characteristics. There are numerous undesirable diar- 
acteristics occurring in cattle which should be selected against. All of 
the lethal factors are included here. Fortunately, many of these are in- 
herited as simple recessives, and animals cairying them can be identified 
over a period of time when accurate records are kept. Bulldog calves, 
various skin deficiencies, dwarfism, and other malformations can be 
easily identified. The factor for red color in Holstein-Fnesian cattle is 
undesirable in purebred herds, since red calves cannot be registered. 
Sires kno\vn to he carriers of the lethal factors should be used only after 
careful ev'aluabon of their contribution to breeding progress and of 
the cows to which they are to be bred. Calves from cows known to be 
carriers should not be raised, although the coivs themselves may be 
satisfactory for production purposes. If there is a question about a sire, 
and if he is valuable enough otherwise to warrant it, breedmg tests may 
be made to discover whether he carries a lethal recessive. Some of this 
is being done to detect dwarfism in beef cattle. The procedure is to mate 
the sire to a sufficient number of females known to be carriers of the 
lethal factor in question. If the factor does not show in any calves, the 
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sire may, with reasonable safety, be considered not to carry it. A mini- 
mum of 8 calves should be obtained in this type of test, and more are 
desirable. 

Disease resistance. Little is known about heredity concerning re- 
sistance or susceptibility to disease. Limited information indicates that 
resistance to such diseases as mastitis and udder edema is inherited. 
This area is open to new findings and may also become a factor in selec- 
tion in the future. 

Longevity. Longevity is frequently mentioned as a factor in selection. 
Because cows are culled for so many economic factors, few have an op- 
portunity to express their capacity for length of life. Disease resistance, 
fertility, and a number of other factors all affect the length of time that 
a cow remains in a herd. At present not enough cows are allowed to live 
to older ages to make it an important factor in selection. When a cow 
does have a long productive life with many good-quality offspring, there 
is a natural tendency to select toward the animal because of the number 
of progeny involved. 

SOURCES OF INFORMATION AVAILABLE 
IN SELECTING BREEDING STOCK 

Information from three major sources may be used in making evalua- 
tions of breeding stock. These sources are the progeny of the animal, 
the animal itself, and the ancestors or close relatives of the animal. What- 
ever source of information is used, a knowledge of the environmental 
condition concerned is highly important. 

Progeny 

The most desirable sources of information on the breeding potential 
of an animal arc large numbers of its progeny. These provide actual 
examples of the genetic material passed on by the individual in question. 
With dairy cattle, the obtaining of production information on significant 
numbers of the offspring of a female is difficult, and usually impossible, 
during her reproductive life. The average cow has only one or two fe- 
male offspring, and they do not complete n lactation until nearly 3 years 
after they are bom. It is much easier to obtain information on the progeny 
of bulls. Information on the daughters of bulls used in natural breeding 
is frequently limited, although the use of a bull in tested and classified 
herds may provide the desired information. Artificial insemination pro- 
vides an opportimit)* to obtain information on balls, but even svith full 
use of this tool, .a bull will be at least 5 years old before sufficient num- 
bers of his daughters have completed a lactation. 

Prodiicfion informalion on the progeny of bulls. Each of the breed 
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associations makes available production information on the daughters of 
registered bulls uhich are included in one of their testing programs The 
United States Department of Agriculture, through the Cooperative Dairy 
Herd Improvement Program, periodically calculates ‘TjuII proofs" on all 
bulls for which adequate information Is available through its testing 
program For a number of years these provided a comparison of the 
production of a bulls daughters with that of their dams More recently 
the US DA proofs have been expanded to include comparisons v.ith 
other animals in the same herds calving at approximately the same time 
A sample copy of the bull proof form issued by U S DjV. is shown in 
Figure 96 Below is an explanation of the prosed sire record shown in 
Figure 96, taken from materia! published by the Herd Improvement 
Section, Dairy Cattle Research Branch, Agricultural Research Service 
of the U S D A The points brought out here arc useful m ex aluating 
production informabon from any source 

A DHIA proved sire record contains all usable records reported for his daugh- 
ters and their dams, excluding only those records containing conflicting data 
The record of each dam or daughter consists of her production for the first 
305 days of a lactation, standardized to a mature cnuivalent, twice a-day 
milking basis, or, \shen production records for more than one Jactation are 
available for a dam or daughter, her record is based on the average of all 
usable standardized 303-day hctation records Incomplete and abortion rec- 
ords less than 305 days m length arc extended to a 303-day basis and stand- 
ardized and used only if a complete record is not available 
At the top of the proved sire record is the Identification number of the 
sire, together with his name, birthdate, and the identification of his sire and 
dam \Vhen a sire is proved for the first time, only the sire number is avail- 
able at the time the proved sue record u compiled The additional pedigree 
data are then obtained from the respective breed organizations and this in- 
fonnation included m the yearly index 

In the body of the proved sire record are summaries of data mcluded m 
the proof These data are compiled to show non AB comparisons, AB com- 
parisons, and a combination of both non AB and AB data (‘‘AB" refers to arti 
ticial breeding) A “prebminary" non AB proof consists of 5 to 0 comparisons 
A non AB proof consists of 10 or more comparisons A “preliminary” AB proof 
consists of 10 to 24 comparisons An AB proof consists of ^ or more com 
parisons 

Preliminary proofs should be considered only as an indication and not con 
elusive evidence of the breeding value of a sue If the diEerence between 
butterfat production of dams and daughters is less than 25 pounds, addi- 
tional dam and daughter comparisons may conceivably reverse the summary 
In general, the greater the number of dam and-daughter comparisons include 
in a proof, the more reliable the evidence of the sire’s breeding value 
However, if a non AB proof contains 17 or more unselected comparisons 
and an AB proof contains 50 or more unselected comparisons, additional data 
will seldom significantly affect the summary 

Breeding Value Can Be Appralsed-A proved-sire record provides the basic 
rnformation to appraise a sue s breeding value Such a record on a herd sue 
will help the herd owner decide whether the sue should be used in his herd 
and will aid an AB sire selection conumtlee in determining if the sue should 
be used m the area serviced by the AB stud 

If a sire's ^ughters materially excel their dams and/or theu contemporanes 
m production, the sue should contraoe to be used m herds having a produc- 
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Figure 9.6. An example ot the Proved Sire Record, developed by the United Slates Deportment of Agriculture, which 
uses production records from the DHIA Testing Program. 
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tion level simihr to that of the chn« tnd/or contemponries 

If a sires daughters only” approjumatcly equal their dims and/or contena 
poraries m production the sire may continue to be used m Iierds with pro 
duction le\els similar to that of the dams and/or contemporaries until a better 
sire can be obtained 

If a sires daughters fail materially to equal their dams and/or contem 

K oranes in production the sire obviously should not continue to be used in 
erds with production levels similar to that of the dams and/or contemporaries 
If however a sires daughters fail to equal 1 igh producing dams and/or con 
temporaries the sire may prove useful in herds with production levels lower 
than that of the dams and/or contemporaries 

Additional Facts f/cln/iil — Av ailablc averages of contemporaries and for 
the herd provide data lor comparing the production level of the daughters 
with that of their stablemates and that of the herd (See notes 9 and 10 below ) 
These averages together with the feeding index (See note 8) provide some 
indication of the average producing ability of the herd and the environmental 
conditions of the herd 

These supplementary data are only indicative and every effort should be 
made to further supplement the proved sire record with additional informa 
lion gathered from the herd in which the dams and daughters made their 
records In the column headed “CAR” (Conditions Affecting Record) are listed 
codes of conditions which have affect^ the records of individual cows Fur 
ther information on such records should be obtained from the owners herd 
, record book 

These notes refer to the small superior numbers on the proved sire record 
1 "AB Service —If a sue has be^ in AB Service the code numbers of the 
state and stud are listed The first two digits of the code refer to the State in 
which the stud is located the second two digits are the code number of the 
stud within the State 

2 “Records from States”— Data under this heading indicate the slates from 
which records of daughters included in the proved sire record were obtained 
together with the number of daughters from each state TTie first two digits 
indicate the state the last three digits indicate the number of daughters from 
the state 

3 “Summary”— Data m the top portion of this column refer to the number 
of comparisons and the total number of daughter records included in the proof 
A brief ^mmary of the proof as indicated by data such as “Diff 0012 0008 
0012” This indicates that 12 of the daughters whose records are included 
in the proof exceeded their dams m milk production Eight of the daughters 
had an average milk test exceeding that of their dams and 12 of the daugh 
ters exceeded their dams in butter fat production Tlie bottom portion of the 
column under the subhead “Herd Code contains the herd code number of 
the herd from which production records of the dams or daughters were re 
ported 

Dam and daughter comparison data are s ngle spaced with a double space 
separating different pairs On the first line of each group are data for the 
dam On the second line are data for the daughter 

Once the first 21 comparisons are listed when a sire is reproved with more 
than 21 comparisons only the summary dati are listed in the proved sire 
record 

4 “AB”— The letter A m this column indicates the daughter is an AB 


1 Ayrshire 

2 Guernsey 

3 Holste n 

4 Jersey 

5 Brown Swiss 


6 M thttg Shorthorn 

7 Red Dane 

8 Other 

9 Red PoU 



151 


Selecting and Breeding Dairy Cattle 

6. “Type”— If available, the type score of each animal is listed in this column. 

7. “CAR”-Conditions Meeting Record-Conditions affecting the record are 
indicated by the following codes: 

2 Incomplete; sold 7 Sickness 

3 Incomplete; died 8 Abortion 

4 Injury 

8. “Feeding Index”— When feed data have been reported, a feeding index 
has been calculated in an attempt to estimate the feed input of the daughters 
of a sire and of their dams. Feed fed and feed requirements have been cal- 
culated on a net energy basis. To obtain the index, estimated net energy fed 
has been divided by the total estimated requirement for maintenance and 
production. Theoretically, an animal with a feeding index of less than 100 in- 
dicates the animal was fed below requirements. 

9. “305-Day Contemporary Average”— Data under this heading indicate the 
average standardized production of paternally unrelated stallmates of the ani- 
mal that completed production records in the herd concurrently with the 
record(s) of the daughter listed. The contemporary average provides some 
indication of average producing ability of the stallmates and the environmental 
conditions of the herd during the approximate period the lactation record(s) 
of the daughters listed was made. 

10. “Yearly Average”— Data in this column indicate, on a cow-year basis, 
the yearly average production of the entire herd. The yearly average provides 
some indication of the producing ability of the herd ns n whole and of the 
environmental conditions of the nerd during the approximate period the rec- 
ord(s) of the daughters listed was made. The yearly herd averages in this 
proved sire record have been increased by 9 percent, so that they may be 
more comparable to the standardized lactation aveiage data included in the 
record. 


It should be remembered that a “proof’ on a bull does not in itself 
make the bull more valuable. It merely provides information on the pro- 
ducing ability of his daughters, which is as likely to be below the breed 
average as above it. Detailed study of a proof is necessary to properly 
evaluate a bull. 

The comparison of the performance of the daughters of a bull with 
cows in the same herd is a valuable tool in evaluating the transmitting 
ability of a bull. Daughters of a bull kept in a herd of low production 
cannot be expected to perform as well as those kept in a herd of high 
average production, because of the differences in environment. It is 
usually estimated that about 10 per cent of the differences between herd 
averages for production is due to heredity, and 90 per cent due to en- 
vironment. There is, of course, a lot of variation in this average figure 
when tw'o individual herds are compared. This estimate of 10 per cent 
applies to large groups of herds from populations on which records are 
available, such as herds on D.H.I.A. It is good planning to also use a 
bull proved to raise production in high producing herds, even in lower 
producing herds. Then, if there is an improvement in management, in- 
herited producing ability is less apt to be a limiting faetbr. 

Reporting systems which adjust production records for the production 
of stablemates, year of calving, and season of a calving provide increas- 
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ingly reliable information in comparison to unadjusted records Researcli 
is continuing on the proper factors to use in maVing these adjustments, 
and they may be expected to be used more frequently in the future An 
example of how milk production may vary during different seasons and 
years is presented in Figure 97 Information taken from a herd average, 
or a single record, which is greatly influenced by one of the penods of 
high or low produebon would not be rcpresenlabve of the herd or ani- 
mal under study 



Figure 9 7 Vorlot on* which might occur In the overoge production of o herd In 
different eeasons and yean 


Indexes for evaluating bulls. A number of mathematical expressions 
have been developed to provide an estimabon of the transmitting ability 
of bulls in terms of produebon of milk or fat These are based on the 
fact that the sire contributes one half of the heredity of his offspring 
Their purpose is to reduce production information to a single figure, to 
make comparisons between bulls easier The simplest of these is the 
Daughter Average This is simply the average production of all the 
daughters of a bull expressed in terms of milk and fat and per cent fat 
Usual adjustments as mentioned above may be made m the onginal 
data When all the daughters of a bull are in one or bvo herds, this 
average is subject to considerable influence due to environment When 
there are large numbers of daughters (50 or more) in many herds, as is 
frequently the case m artificial inseminahon, it gives mformabon which 
IS quite adequate, particularly when compared with the breed average 
The Equal Parent Index is another expression of the transmitting 
ability of bulls It is calculated by the follotvmg foimula 
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Equal Parant Index = (daughters average 
aoerage production) - (dam’s average product, on)]. T “ 
in the factor of the production level of the cows to winch a bulljas 
bred. It can provide a somewhat more accurate picture \ hicher 

used on a gro^ of cows with ar. rfs" bl " 

or lower than the breed average. In applymg th.s ^ 

membered that only a part of the differences m P'f 
daughters of different bulls can safely be assigned to he y. 
tive conditions of environment for the dams and daug i 
be carefully considered. 

A Regression Index is sometimes used. „ . .-session 

This is simply the equal parent index divided by . 
index provides a smaller figure than the equa paren . 

which more closely represents the production T d^TTf taown 
pected from the daughters of a bull when he is bred to dams of loiown 

" uTrel* of adjustments in the records of 

bull, based on the performance of S dT proofs, shosvn in 

stablemates performances are provided by U.O’ • P indexes 

Figure 9.6. Pmperly used, this should be more d 

previously mentioned, since, by adjusting for stab em . 
by the enviroment in which the bulls daughters «prind for sec- 
experience is gained, other factors, such as length o *7 ^ and 

ond and later lactations, length of pregnancy during reporting 

season of calving, will be probably adjusted for routinely m repm 
production information on the progeny of a bull. c shorter 

jushnent is based upon animals calving in die same six-month or shorter 

period, season of calving is automatically include . , 

Whatever method is used to evaluate the producing a 1 1 tgsj^ed 

spring of a bull, every effort should be made to be sure , 

daughters are included, and that the information used is as p 

accurate as possible. , . „n 

Type information on progeny. The purebred , reeistered 

information on the classification score of the daug i er , _ 

bulls available, if the bulls are included in .-tments 

grams. Data on type are used more directly, and wit ou 
applied to production data. Average total The 

quently used as a general appraisal of the type of a bu g 

approximate percentages of classified animals fal mg . 

brackets may be useful as a guide to the relative men o 
given animal or as an average type score in a herd. During fQUo.vjng 
animals were classified according to type in approximately the toiioi b 
percentages: Excellent, 1 to 3 per cent; Very Good, 13 o p . 
Good Plus, 41 to 42 per cent; Good, 25 to 35 per cent. Ho^^ever, the 
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score obtained from the various type categories must be considered 
carefully in evaluating the strong points of type among the offspring of 
a given bull. When information on the type of a bull’s daughters is not 
available, it is sometimes possible to see them and evaluate their type 
according to one of the procedures covered in Chapter 7. 

Information on Individual Animals 

When enough information is available on the performance or char- 
acteristics of individual animals, it is very useful in evaluating tliem for 
breeding purposes. A number of factors must be considered in making 
sound comparisons among the animals being considered. 

Production information on indictdual antmab. Production informa- 
tion is usually the best source available for evaluating female animals. 
The sources of production information have been previously discussed. 
Careful evaluation of production records to account for environment is 
necessary. Again, a number ol mathematical approaches have been de- 
veloped to make the appraisal of individual females more reliable. They 
are designed to account for environmental differences which influence 
production records. 

A Pfobflble Real Producing Ability for a cow may be calculated by 
the following fonnulas. 

For a single record on a cow; Probable Producing Ability = Herd 
Average + f X (cow's lecotd — betd average). 

IVhen a number of records are avaOable, all should be used, since 
they greatly increase the reliabflity of the estimate. Then the following 
formula is used: 

Probable Real Producing Ability = Herd Average + j 
(Cow's average — Herd average) 

N is the number of records avaOable and r is the repeatability, usually 
about .4. 

For example: A cow has three records averaging 15, (XX) pounds of 
milk in a herd averagmg 13,500 pounds, 2x 303d ME (2x = milked 
twice daily, 303d = a 303 day lactation, M.E.= mature equivalent.) 
IVhat is her probable real producing ability? 

«■«>«+ 

13 ^+ ^( 1 ^> 
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13,500 +(.67X1,500) 

13,500 + 1,005 = 

14,505 pounds, the Probable Real Producing Ability of this cow. 

Calculations similar to those for probable real producing ability may 
he used to calculate a breeding value for an animal. In this instance, the 
factor for heritability (h) is substituted for probability (r). The calcu- 
lated breeding value of a cow may be obtained by use of the following 
formulas. 

For a single record: 

Probable Breeding Value = Herd Average + h X ( Cow’s Record — 
Herd Average). 

Increased accuracy may be obtained when a number of records are 
available on a cow. The formula is modified to include several records 
as follows: 

Probable Breeding Value = Herd Average + j ^ (Cow’s 

Average — Herd Average) 

Here n = number of records, h = heritability, and r = repeatability. 

For example, consider a cow which has an average production for 
two lactations of 600 pounds of fat, in a herd which averages 500 pounds 
of fat, 2x 303d. M.E. What is her Probable Breeding Value? 

TT(|:^y:4 x(e™-500) 

500 + -4- X 100 
1.4 

500 + (.357X100) 

500 + 35.7 = 

536 pounds of fat, the Probable Breeding Value of this cow. 

Use of the above procedures makes possible comparisons of animals 
in the same herds on a sounder basis than by fust comparing individual 
production. 

Typo. Typo classification for bulls is a part of the program of most of 
the breed associations. However, because of the effect of secondary sex- 
ual characteristics, the appearance of a mature bull is frequently not a 
reliable indication of the type of his daughters. Many factors of environ- 
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ment may also affect the type score of a hull but have no influence on 
the type he transmits to his offspring. 

Type characteristics of females are more apt to give an indication of 
what may be expected of their offspring. Repeatability of type classifica- 
tion of dairy cattle is about .35 to .45. Heritability of type classification is 
approximately .30. 

If it is considered helpful, calculations similar to those presented on 
determining probable real breeding value for production may be used 
for evaluating the transmitting ability of an animal for type. 

Information on Ancestors and Close Relatives 

Frequently, information is easiest to obtain on the ancestors of an 
individual. This is particularly true when it is desired to make decisions 
on young animals. When complete and accurate, this information gives 
a good indication of the characteristics making up the inheritance of an 
individual. Information on ancestors is commonly presented in the form 
of a pedigree such as that shown in Figure 9 8. There are several points 
of caution which should be observed in evaluating pedigrees. Environ- 
ment should always be considered. Emphasis should not be placed on 
outstanding individuals several generations back. It should be remem* 
bered that an individual in the third generation back contributes only 
one*eighth of the genetic make-up of the animal in question. An animal 
In the second generation contributes one-fourth and, of course, each 
parent contnbutes one-half. Geneticbts believe that little is to be gained 
in evaluating pedigrees from study of more than three generations. Oc- 
casionally an animal will appear several times in a pedigree, which has 
the effect of increasing its genetic contribution in direct proportion to 
the number of times it occurs. It may thus be a more important factor 
than its distance from the present would indicate. 

One should be certain that information in a pedigree is unselected and 
the production records and type classification are included for all animals 
and lactations for which diey are available. Irrelevant information in 
regard to the actual performance of an animal should be pulled out. 
Sale prices of the individual or its close relatives are not rel^hle meas- 
ures of producing ability. Placing in shows indicates good type in an 
animal only in relation to the competition in the particular sho%v. Out- 
standing individuals with only slight relation and not in direct line of 
descent are sometimes mentioned in pedigrees. They should be con- 
sidered only to the extent that the two animals may have inherited the 
same genetic matenal. 

In some instances, information may be available only on full or half- 
sisters of an indmdual. If there are sufficient numbers of these relatives, 
this can be very helpful. Howev'er, again it must be remembered that 
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NEEDMOR SOVEREICN T, 135021 


HIS SIRE 

ROYAL’S TAMARIND OF LEE'S HILL 76059 
ClassUled "Very Good 

31 daus 3B rec avg U303M 4 4% 4g7F 
31 dams 110 rec avg U074M 4 1% 454F 
♦229M “TSl ^45? 

Daus in above proof are A 1 progeny only 
44 classified daus avg 84 2% 

9 ’ Ex. 16 ”VG 12 • GP . 7 ”G*' 

Sire, Isl prize Sr Get of Sire. Ohio S S Xi 

E S Exp . 1957 Sire, let prize Get of 

Sire Ohio St Shov, 19S6 

His daughters Include 

S V F Tamarind Fhydella Harriet 

9y 365d SX 22498 4 4% 1003 2 

R. H Y. Jane's Chloe 

4y 365d 3X 16829 4 8% 0S2 7 

(Former Honor Roll) 

BIS DAM 

ORANGEVILLE TAURUS 2EMA 270495 
Classified ' Excellent ' 

HIR Records 

4y 305d 2X 13039 4 5% 588 6 

Sy 2660 2X 9257 4 6% 426 9 

4y 365d 2X 1441S 4 SS% 660 

5y 3264 3X 12010 4 48% S40 

Md Reserve SUte Bellringer Aged Cov '59 


JANE’S ROYAL OF VERNON 28594 
Classified ’ Excellent” 

84 tested daughters 
SSdaus avg 13,315M 567F 

, 58 dams avg 12.037M 511F 
TI72T3M +5dF” 

9 times Isl Sr ' Get ’ Waterloo 
Uls ROP Daughters include 
Royal's Rapture of Lee's UlU ' Ex ' 
lOy 365d 3X 34669U 4 2% 1465 0 
(Formtf National Champion) 

Royal’s Gina of Lee’s Hill ' Ex ” 
lOy 365d 3X 28439 4 7% 1359 0 (Honor Roll) 
MARINDA JANE OF LEE'S HILL 90074 
Classified "Ex '* lly S65d 3X 24261 4 6% 1117 2 
8y 365d 3X 182SS 4 6% BS2 8 
.Gr Cb Waterloo. i947>61>S2 

ORANGEVILLE GALUNT’S TAURUS 69978 
Proven 8 dau-dam comparison 'f2611U * 3% -fHSF 
His daughters include 
' Orangeville Taurus Rita Girl 
7y 365d SX 18763 4 4% 826 1 

Kay- Al's Trudy 

Sy 306d 3X 18148 4 5% 823 S 

ORANGEVILLE ZEMA 184067 Classified ' Good Plus ' 
HIR Records 

2y 36$d 2X 12136 4 3% 526 5 

4y 3S0d 2X 11281 4 4% 503 5 

7y 905d 2X 12463 4 1% 513 9 

.3y 305d 3X 11054 4 4% 487 1 ROP 


Figure 9.8 An example of a typicof pedigree, m this case o Brown Swiss bull. Cour- 
tesy Maryland-West Virginlo Bull Stud 


there can be tremendous variation in the inheritance of even full sibs. 
Full sisters cany 50 per cent of the same heredity, on the average, while 
half-sisters carry 25 per cent, Becords on the close relatives of a cow 
should be given weight in line with the degree of relationship which 
exists between the animals. Formulas are available, in the references 
noted at the end of the chapter, for calculating probable real breeding 
value of individuals from a number of combinations of relatives and 
ancestors. 

Information from analysis of cow families. Emphasis in dairy-cattle 
breeding is usually placed upon the sire, since his progeny are so much 
more numerous. Cow families may, however, also be studied. This can 
be done by maldng comparisons of the performance of the offspring 
of the foundation cows of a herd for as many generations as they are con- 
tinued in the herd Some striking differences in cow families may be dis- 
covered by this type of study. However, the influence of any individual 
cow becomes diluted very quickly by the use of different sires in suc- 
ceeding generations. To be meaningful, a fairly close relationship must 
be maintained within a cow family. Again, one should avoid putting too 
much emphasis on individuals far back in the ancestry of an animal. 



158 


Selecting and Breeding Dairy Cattle 


CHOOSING INDIVIDUAL ANIMALS 

When all of the information possible has been obtained, the decision 
must be made as to which animals are to be used to provide herd replace- 
ments or breedmg stock for sale This decision cannot be rendered \nth 
total certainty The variables which contribute to the uncertamty have 
been mentioned previously The breeder must weigh all the information 
and make the best decision possible It should be remembered that con 
siderable mformation mdicating that an ammal has the abihty to transmit 
IS better than scantily supported outstandmg mdividual performance 
The aims and objectives of the herd are important in determmmg the 
way m which selection is made Selection of a herd sire should m\ olve 
the highest standards possible, since he has such a great influence on the 
future of the herd Standards of selection for females to remam m the 
herd must be kept m Ime with the availabihty of replacements %Vhen 
every matunng heifer is needed as a replacement to maintain herd size, 
selection cannot of course be as cntical as m the case of cows w^th long 
productive hves However, when cows are kept for longer penods, the 
generation mterval is mcreased, which reduces the opportumt> for 
genetic change 
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The more precise the desired characteristic for which selechon is made, 
the more rapid the progress which may be expected. 

Standards for Culling 

The preceding discussion has emphasized the selection of outstanding 
animals for breeding purposes. This is of particular importance when 
selecting sires and the dams of sires. Here the best animals available are 
considered. In practical herd operaUon, the minimum standard of per- 
formance for females is an important factor. Culling may be based upon 
minimum standards in each area of concern or upon some basis in which 
a combined "score” for all the important factors is used. Some percentage 
of herd average or, in outstanding herds, the breed average, may be se- 
lected as the basis for culling. For example, if culling is based on fat 
production in a herd producing an average of 500 pounds of fat, ani- 
mals producing less than 375 or 400 pounds of fat may be slated for re- 
placement. In purebred herds where type is important, similar standards 
may be established. 

It may be desirable to provide some leeway in standards for first-calf 
heifers to get a more accurate appraisal of their real abilities. Usually, 
by the first two or three months of the second lactation, it will be evident 
whether improvement has been made over the first in production or 
changes in type characteristics due to greater maturity. Other considera- 
tions in culling cows are discussed in Chapter 13. 

Systems of Breeding 

After satisfactory animals have been selected, the way they are used 
in a breeding program may have a great influence on the over-all con- 
tribution they make to a herd. 

A number of terms in common usage refer to breeding programs. Most 
of them indicate the degree of relationship of animals to he mated. 

In-breedmg and close^breeding refer to mating of individuals more 
closely related than the average. Close-breeding may include matings as 
close as full or half-sibs, sire and daughter, or dam and son. 

Line’breeding refers to mating individuals less closely related, and is 
usually used to increase the genetic contribution of an outstanding in- 
dividual, or family, to a herd. 

This general t>pe of breeding tends to increase the frequency of oc- 
currence of similar characteristics in the offspring, and intensifies the 
expression of the qualities present. It was the basis for the establishment 
of our present breeds and some outstanding families within the breeds. 
The offspring resulting from the mating of related individuals tend to 
be more homoz>'gous for all characteristics. 
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CHOOSING INDIVIDUAL ANIMALS 

all of the mfonnation possible has been obtained, the decision 
must be made as to which animals are to be used to provide herd replace 
ments or breeding stock for sale This decision cannot be rendered with 
total certainty The variables which contnbute to the uncertainty have 
been mentioned previously The breeder must weigh all the information 
and make the best deasion possible It should be remembered that con 
siderable information indicating that an animal has the ability to transmit 
IS better than scantily supported outstanding individual performance 

The aims and objectives of the herd are important m determining the 
way in which selection is made Selection of a herd sire should involve 
the highest standards possible since he has such a great influence on the 
future of the herd Standards of selection for females to remain in the 
herd must be kept m line wath the availability of replacements When 
every matunng heifer is needed as a replacement to maintain herd size, 
selection cannot of course be as critical as in the case of cows with long 
productive lives However, when cows are kept for longer periods the 
generation interval is increased, which reduces the opportunity for 
genetic change 

Number of CharDcterlsflc* Selected For 

Most rapid progress can be made in a breeding program by selecting 
for one characteristic WTien two cliaractenstics are inherited m close 
relationship, considerable progress may be achieved in both of them 
An example of this would be total production of milk and total produc- 
tion of fat Since bodj tj^ie and high production of milk are not closely 
associated m inhcntance, selection for both of these will result in rela 
lively slow progress in cither one The herd owner must decide the area 
in which the herd needs most improvement and make his decision on 
the characteristics to be cmpliasized in selecUon accordingly If good 
tj’pe vnll bring more return it should be emphasized If higher produc- 
tion will increase income to a greater degree, it should be given greater 
importance in selection In many herds particularly purebred ones 
both tyi)c and production are important and selection for both will be 
made Selection for cither t>pe or production should not be made at the 
expense of serious loss in the other 

There arc of course opportunities to base selection upon speafic 
factors within the broad aspects of t>-pe and production That is udder 
conformation levclncss of rump or breed character ma) be emphasized 
as a single component of tj-pc ntber total milk or total fat or fat per 
centage may be a basis for major emphasis m selecting for production 
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The more precise the desired characteristic for which selection is made, 
the more rapid the progress which may be expected. 

Standards for CuUing 

The preceding discussion has emphasized the selection of outstanding 
animals for breeding purposes. This is of particular importance when 
selecting sires and the dams of sires. Here the best animals available are 
considered. In practical herd operation, the minimum standard of per- 
formance for females is an important factor. Culling may be based upon 
minimum standards in each area of concern or upon some basis in which 
a combined “score” for all the important factors is used. Some percentage 
of herd average or, in outstanding herds, the breed average, may be se- 
lected as the basis for culling. For example, if culling is based on fat 
production in a herd producing an average of 500 pounds of fat, ani- 
mals producing less than 375 or 400 pounds of fat may be slated for re- 
placement. In purebred herds where type is important, similar standards 
may be established. 

It may be desirable to provide some leeway in standards for first-calf 
heifers to get a more accurate appraisal of their real abilities. Usually, 
by the first two or three months of the second lactation, it will be evident 
whether improvement has been made over the first in production or 
changes in type characteristics due to greater maturity. Other considera- 
tions in culling cows are discussed in Chapter 13. 

Systems of Breeding 

After satisfactory animals have been selected, the way they are used 
in a breeding program may have a great influence on the over-all con- 
tribution they make to a herd. 

A number of terms in common usage refer to breeding programs. Most 
of them indicate the degree of relationship of animals to be mated. 

In-breeding and close-breeding refer to mating of individuals more 
closely related than the average. Close-breeding may include matings as 
close as full or half-sibs, sire and daughter, or dam and son. 

Line-breeding refers to mating individuals less closely related, and is 
usually used to increase the genetic contribution of an outstanding in- 
dividual, or family, to a herd. 

This general tj^e of breeding tends to increase the frequency of oc- 
currence of similar characteristics in the offspring, and intensifies the 
expression of the qualities present. It w'as the basis for the establishment 
of our present breeds and some outstanding families within the breeds. 
The offspring resulting from the mating of related individuals tend to 
be more homozj'gous for all characteristics. 
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CHOOSING INDIVIDUAL ANIMALS 

When all of the information possible has been obtained, the decision 
must be made as to which animals are to be used to provide herd replace 
ments or breeding stock for sale This decision cannot be rendered uith 
total certainty The variables which contnbute to the uncertainty have 
been mentioned previously The breeder must weigh all the information 
and make the best decision possible It should be remembered that con 
siderable information mdicatmg that an animal has the ability to transmit 
IS better than scantily supported outstanding individual performance 
The aims and objectives of the herd are important in determining the 
way in which selection is made Selection of a herd sire should involve 
the highest standards possible, since he has such a great influence on the 
future of the herd Standards of selection for females to remain in the 
herd must be kept m line wth the availability of replacements When 
every matunng heifer is needed as a replacement to maintain herd size, 
selection cannot of course be as critical as in the case of cows ivith long 
productive lives However, when cows are kept for longer periods, the 
generation interval is increased, which reduces the opportunity for 
genetic change 

Number of Characteristics Selected For 

Most rapid progress can be made m a breeding program by selecting 
for one characteristic When two characteristics are inherited m close 
relationship, considerable progress may be achieved in both of them 
An example of this would be total producbon of milk and total produc 
tion of fat Smce body type and high production of milk are not closely 
associated m inheritance, selection for both of these will result in rela 
tively slow progress in either one The herd oivner must decide the area 
in which the herd needs most improvement and make his decision on 
the characteristics to be emphasized m selecUon accordmgly If good 
type ivill brmg more return, it should be emphasized If higher produc 
tion will mcrease income to a greater degree, it should be given greater 
importance in selection In many herds, particularly purebred ones, 
both type and production are important and selection for both will be 
made Selection for either type or production should not be made at the 
expense of serious loss in the other 
There are, of course, opportuniUes to base selection upon specific 
factors wnthm the broad aspects of type and production That is, udder 
conformation, levelness of rump, ot breed character may be emphasized 
as a single component of type Either total milk or total fat or fat per 
centage may be a basis for major emphasis in selecting for production 
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The more precise the desired characteristic for which selection is made, 
the more rapid the progress which may be expected. 


Standards for Culling 

The preceding discussion has emphasized the selection of outstanding 
animals for breeding purposes. This is of particular importance when 
selecting sires and the dams of sires. Here the best animals available are 
considered. In practical herd operation, the minimum standard of per- 
formance for females is an important factor. Culling may be based upon 
minimum standards in each area of concern or upon some basis in which 
a combined "score” for all the important factors is used. Some percentage 
of herd average or. in outstanding herds, the breed average, may be se- 
lected as the basis for culling. For example, if culling is based on fat 
production in a herd producing an average of 500 pounds of fat, ani- 
mals producing less than 375 or 400 pounds of fat may be slated for re- 
placement. In purebred herds where type is important, similar standards 

may be established. - - 

It may be desirable to provide some leeway in standards for first-calf 
heifers to get a more accurate appraisal of their real abUities. Usually, 
by the first two or three months of the second lactation, it will be evident 
whether improvement has been made over the first in production or 
changes in type characteristics due to greater maturity. Other considera- 
tions in culling cows are discussed in Chapter 13. 


Systems of Breeding 

After satisfactory animals have been selected, the way they are used 
in a breeding program may have a great influence on the over-all con- 

tribution they make to a herd. , j. 

A number of terms in common usage refer to breeding prograrns. Most 
of them indicate the degree of relationship of animals to be_ mated. 

In-breeding and close-breeding refer to mating of individuals more 
closely related than the average. Close-breeding may include matings as 
close as full or half-sibs, sire and daughter, or dam and son. 

Line-breeding refers to mating individuals less closely related and „ 
usually used to increase the genetic contribution of an outstanding 
dividual, or family, to a herd. •, e_ « . «c 

This general type of breeding tends to increase the 
currence of similar characteristics in the oSspnng, and fte 

expression of the qualities present. It was the basis for the eslabli ment 
of our present breeds and some outstanding families mthm ‘>'<= “«=ds. 
The offspring resulting from the maUng of related individuals tend to 
be more homozygous for all characteristics. 
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The mating of animals with a high degree of homozygosity for de- 
sirable chsTacleristics can have exceOent results. However, undesirable 
characteristics are intensified just as rapidly. For this reason, intensive 
inbreeding is shunned by most breeders. ^V'hen inbreeding is practiced, 
the breeder must recognize the need for careful culling of those animals 
sho^ving undesirable characteristics. Losses from lethals, if present, %vill 
be increased. 

Outcrossing, outbreeding, and crossbreeding are terms which refer to 
mating individuals less closely related than the average of the popula- 
tion. Crossbreeding implies the mating of individuals of diEerent breeds. 
This type of breeding program malces it possible to take advantage of 
outstanding genetic material from a variety of sources, and any possible 
hybrid vigor. \Miile the danger of undesirable characteristics is mini- 
mized, there tends to be less uniformity in the offspring. 

The offspring of wdely unrelated animals frequently exhibit unusual 
vigor and producing ability. This is referred to as “hybrid vigor" or 
heterosis, \\hen the mating of a bull with several related females results 
in offspring \rith consistently desirable characteristics, the word nicking 
is sometimes used to describe the situation. 

Some research has been conducted on the results of cross-breeding and 
more is underway. In general, the results have been in line with the 
quality of the cattle used, \vith some heterosis. That is, the offspring have 
performed slightly better than the expected average of the parents. 

Crading-up is the term used when purebred bulls are used on grade 
herds. Fairly rapid progress may he achieved in obtaining the character- 
istics of a given breed in a grade herd. The fourth generation in such 
a program ^vfll cany over 90 per cent of the blood of the breed in ques- 
tion. Although dairy cattle closely approximating purebreds may be de- 
veloped m this manner, they cannot be registered 

Selecting Animals for Purchase 

When pmcbasing animals or sdeclmg herd replacements, the top 
producing animals in a given herd and their offspring should be given 
preference, Cov’s tend to retain their same relahve position in the pro- 
ducing pattern of a herd when management or environmental conditions 
change. 

Approximately 90 per cent of the differences in production between 
herds may be accounted for by management. Therefore, the top animals 
in a low producing herd frequently do an outstanding job when placed 
under good management conditions. The expected potential for these 
animals is greater than that of mediocre animals in herds of high pro- 
duction. 
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Developing a Selection Program 

For most rapid progress, each dairy herd, used for breeding purposes, 
should have an organized program of selection and breeding. There are 
numerous approaches to such a program. The principles which follow 
will be helpful in developing a good operating procedure. In following 
this or any other breeding and selection pro^am, frequent review is im- 
portant. The background information, and the progress made, should be 
brought up to date at least each six months. 

The first step is to obtain and organize all the pertinent information 
available on each animal. From this information the females in the herd 
can be ranked according to their estimated breeding value. Standards 
and goals (of production, type, and so forth) should be established for 
tile herd. 

When a reasonable set of standards is applied to a herd, animals 
usually fall into three groups. (1) Animals which are estimated to be of 
sufficient value as foundation stock that it is desirable to raise their 
offspring. (2) Animals which are estimated not to possess the character- 
istics which make them desirable for breeding stock, but which have the 
capability for sufficient production that they may be economically main- 
tained in the herd, (3) Those animals which are estimated not to be 
desirable for breeding stock, and do not produce ivell enough to make 
an economic contribution to the business. 

Animals in the first group should be mated to the best bull available 
to the herd. Due attention should, of course, be paid to correcting areas 
where improvement is especially desired, or points in which the herd 
may be weak. 

The time at which selection of young animals is to be made and the 
need for replacements in the herd determine the breeding program for 
animals in the second group. If the calves from the animals in the second 
group are to be discarded or raised for meat, tliey may be bred to any 
bull. However, if there is a chance the calves will be raised for dairy 
purposes, the best bull available should be used on these cows. In some 
herds all heifers are milked for at least one lactation, and if a bull with 
ability to transmit outstanding characteristics is used, some offspring 
from cows in the second group may make satisfactory animals. 

Cows in the third group should be culled as rapidly as practical. 

Selecting Young Bulls for Artificial Insemination 

In addition to using naturally proven bulls, many artificial breeding 
studs have developed a program of proving young bulls under conditions 
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of artificial insemination. The usual procedure is to select about four 
bull calves of expected high transmitting ability. Semen from these calves 
is used to breed a large number of cows (usually about 1,000) as soon as 
it is available. The bulls are then set aside until production records are 
available on their daughters, and the one or ones showing the most 
promise are brought into service. This system costs about as much as 
the average price paid for naturally proven sires. However, it has the 
advantage of practically assuring the availability of desirably proven 
bulls. It also utili 2 es the facilities of artificial insemination on large 
groups to prove young bulls. The risk to individual herd owners from 
using these unproven bulls is small, since they are selected for good 
characteristics to start with, and only a few breedings are made in any 
one herd. With artificial breeding groups assuming such a large propor- 
tion of the breeding work, they have a definite responsibility for proving 
young bulls. 

There are a number of methods for selecting bull calves to be sampled. 
One is to locate several outstanding cows in the higher producing herds 
of the breed. If they are of satisfactory type, they are then bred to semen 
from bulls already proven to be well above average in transmitting 
ability. Bull calves resulting from these matings then are selected and 
brought in for sampling as previously described. 
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DAIRY cattle, like all other animals, are susceptible to a variety of dis- 
orders and diseases. Some of these are metabolic or functional in nature 
and some are the result of infectious organisms 

DISEASE PREVENTION 

Prevention of disease, wherever possible, is the most effective and 
economical treatment. Well-fed, vigorous animals kept in clean, dry, 
and sanitary surrounding provide the first step in a disease prevention 
program. 

Reducing the possibility of introducing new infections is important. 
New animals entering the herd should be isolated until they have been 
examined and found free of common diseases and until the incubation 
period for diseases has passed. Travel between herds or units where 
there is a suspicion of infection should be permitted only when footwear 
and clothing are changed or properly washed. Contact between different 
herds over pasture fences or via drainage from one pasture to another 
is undesirable. 

Cattle should be kept away from streams which flow through other 
farms where livestock are kept. Rats, other rodents, and insects which 
frequently carry infections should be eliminated. A regular program of 
vaccination for those diseases that have vaccines should be followed. A 
program of routine examination and preventive treatment ivorked out 
with a veterinarian is more economical than the cost of treatment of 
disease and the losses resulting from it. Dairymen can operate effectively 
only with a well-designed disease prevention program. 
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METABOLIC OR FUNCTIONAL DISEASES 

Theje sre the result of failure of a body function to perform normally. 
Most o? them respond to some fonn of treatment, ^{anagement for pre- 
vention is frequently possible. 

Bloat. Bloat is a condition in which the animal is unable to expel 
rumen gases through the esophagus and mouth in the normal manner. 
The rumen becomes greatly distended, protruding on the left side first 
and then rounding out on both sides of the abdomen. Figure IQ.l is a 
picture of an animal in severe bloat Death occurs in severe cases from 
unImo\vn causes, which may be suffocation due to the gas pressme or 
absorption of toxic substances. Bloat occurs most frequently in cattle 
granng lusb legume pastures. It also occurs with animals under feedlot 
s^nditions, particularly those fed a highly concentrated ration with 
ground forage. 

An intensive research program has been underway for several years 
on this disease, which occurs throughout the country and results in 
tremendous losses to the dairy industry. These losses occur both directly 
as a result of afflicted animals, and as a loss of potential production where 
bloat-causmg crops are not grazed. 

The specific cause of the disorder is not known. Theories have been 
advanced that some poisonous substance inhibits normal function of the 
nerves supplying the digestive tract. Others feel that a physical problem 
is involved. The rumen is usually filled with a viscous froth which traps 
much of the gas present. Figure 10.2 shows the difference between rumen 
contents from a normal and a bloated animal. The bacterial population 
of the rumen is probably involved. 

Treatment consists of the oral administration of a materia! affecting 
surface tension to break the froth and release the gas Com or soybean 
oil are effective agents in this regard. One-half pint to a pmt of this 
material is commonly given. Introduction of a tube through the mouth 
and into the rumen will allow for the escape of gas and serve as a route 
for administering a treatment In severe emergency cases, a puncture, 
to allow the gas to escape, may be made into the rumen in the area be- 
tween the hip and the ribs just below the Join This is done ideally 'vith 
a trocar and cannula, how ever, any handy knife may be used. 

Many procedures have been proposed for the prevention of bloat 
None are completely satrsfactory. Feedmg small amounts of a number 
of antibiobcs for a few days before and during pasturing on bloat- 
producing areas bas been helpful The effectiveness of single antibiotics 
usually disappears after a fe%v days. Feeding a number of antibiotics in 
a mixture or m succession prolongs the effective period of prevention. 
Limiting pastiue time drastically or feeding cattle before turning on 
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pasture so that consumption is reduced is sometimes helpful. Also pas* 
ture seeding mixtures can be used to replace legumes \vith grass, if the 
grass will yield well in the area. 

Parturient Paresis. Parturient paresis (milk fever) is a metabolic dis- 
ease of lactatmg cows occurring at or shortly after the beginning of lac- 
tation. The gross symptoms are, first, muscular spasms, showing in- 
creased irritability of the central nervous system. As the condition be- 



Flgure 10.1. A dairy steer showing the swelling of the abdomen 
caused by severe bfoot. Courtesy N. L. Jacobsen 
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Figure 10 2 A demon$iralion of the physical char 
oderistics of fluid from the rumen of o normal am 
mot (left] and from the rumen of on onimol suffering 
from bloat (right) Courtesy N I Jacobson 

comes ^^orse, there is paralysis and unconsciousness The animal lies in 
a typical position, with the feet drawn up to the body and the head 
turned to the side, in an attitude of sleep Death frequentl> occurs if 
treatment is not administered There is a major reduction in the calcium 
level of the blood stream, which accounts for the observed symptoms 
The underlying cause is not known It has been theorized that the para 
thyroid glands which control the calaum level m the blood may be un- 
able to adequately pro\nde for the high demands for calcium suddenly 
occumng >vith the beginning of lactation Susceptibility to milk fe\ er is 
apparently mhenled, since it is more prevalent m certam breeds and 
families 

First calf heifers seldom have rnilk fever and its occurrence at the 
second lactation is limited Once a cow has the disorder, she is apt to 
repeat it at each successive calving 

Treatment consists of the intravenous injection of a calcium salt, 
usuall) calcium gluconate, which should be made slowlj to prevent 
heart blocL Recovery is rapid and dramatic. The condition ma> recur 
and several treatments are frequentl> necessary 
The feeding of 20 000 000 units of vntamin D dail> for seven da>s 
before calvmg has proven to be helpful m preventing milk fever m a 
number of cases It is recommended for animals with a histor> of the 
disease Accurate records and careful observations are necessary to cor 
rectl> establish the time to start the procedure Feeding vitamin D 
should stop at the end of seven da>s even if the cow has not calved It 
may he continued for a da> or two after calving if necessary to complete 
the seven-day penod 
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Bovine Ketosis. Ketosis or acetonemia occurs in dairy cattle usually 
during the first six weeks of lactation. High-producing cows are par- 
ticularly susceptible. It is characterized by general disability, lack of 
appetite and decreased milk production. Nervous symptoms may be 
present. An odor of acetone may occur in the breath, urine, and milk. 
The level of ketone bodies (acetone, acetoacetic acid, and Beta-hydroxy- 
butyrie acid) is increased in the blood, urine, and milk. The glucose 
level in the blood is reduced. Death is not common, but production is 
usually drastically curtailed. 

Again, the specific cause is not known. The adrenal and pituitary 
glands show typical signs of stress, and exhaustion of these glands has 
been suggested as being involved. It is apparent that there is an impair- 
ment in normal utilization of nutrients available to the body. It may be 
that the breakdown is in the metabolism of fatty acids. 

Treatment may be accomplished by the intravenous injection of glu- 
cose, or by the intramuscular injection of the hormones ACTH or cor- 
tisone, or cortisone derivatives. Repeated injections of glucose are usually 
necessary. Hormone injections may also need to be repeated. Drenching 
or feeding of propionate or lactate salts, glycerol or propylene glycol is 
helpful in maintaining control of ketosis. 

There is much variation in the occurrence of ketosis between different 
herds, and in the intensity with which it is present in given herds during 
succeeding years. Several specific mineral and vitamin deficiencies have 
been suspected of contributing to ketosis. None have been proved to be 
directly responsible. It may be that stress, placed on the animal because 
of nutrient deficiencies, contributes to the condition causing metabolic 
failure. 

Preventive measures may be taken which will reduce the incidence 
of ketosis. Feeding a ration which increases blood sugar is helpful. Be- 
cause of the activity of bacteria in the rumen, the feeding of sugar or 
feedstuffs high in sugar is of little value. Feeding one-fourth to one-half 
pound of propionate or lactate sails daily for approximately six weeks 
before calving and continuing for a similar period after calving has 
proven helpful in reducing the incidence of ketosis. 

Careful attention to an adequate diet during the dry period may 
be helpful. Maintaining the cow on full feed during the calving period 
to the extent that she will eat, and increasing the level of grain feeding 
as rapidly as possible until the nuhritive requirements for production 
are met, will reduce stresses from a deficiency of energy ^vhich may 
contribute to ketosis. 

Low blood mngncsiiim (gross tetany). Lowered blood magnesium in 
cattle, usually accompanied by lower calcium levels, also causes symp- 
toms of disruption of the central nervous system. The \ictims stagger 
and apparently lose control of muscular activity. They may walk directly 
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into walls or fences. In severe cases, the animal collapses and dies after 
a period of convulsion. This condition is most frequently observed in 
cattle following a period on lush spring pasture, hence the name “grass 
tetany.” However, it may occur at any season of the year and under 
barn-feeding conditions. The application of stress, such as calving or 
severe exercise, seems to bring on the symptoms. 

Treatment consists of the intravenous injection of a mixture of mag- 
nesium and calcium salts. As with milk fever, recovery is dramatic. 

Because of the occunence of disease in varying intensity in different 
areas and in different years, it is thought to be associated with the com- 
position of the feed. Apparently, some chemical interaction with mag- 
nesium occurs which maV.es it relatively unavailable from the feed, or 
increases the animal’s requirements. The disease frequently occurs on 
feed containing amounts thought to be adequate for normal nutrition 
The supplying of supplemental magnesium in the ration may be helpful, 
but frequently has not proved effective. 

Udder edema. This is a condition in which fluid accumulates in the 
tissues of the udder and surrounding areas. The fluid is located under 
the skin and not in secretory tissue. In severe cases, swelling may extend 
completely across the floor of the abdomen. It may also occur around 
the rear udder attachments. Xldder edema usually occurs Just prior to 
and following calving. Some animals cany swelling throughout most 
of the lactation. The condition appears to be more noticeable \wth first 
calf heifers, however, susceptible animals tend to repeat at each calving. 
Research results indicate that susceptibility to udder edema is at least 
partially inherited. 

In addition to intense discomfort to the animal, severe udder edema 
results in stretching of the udder supports, strutting of the teats, and 
pendulous udders. Udders so affected are most difficult to milk and are 
susceptible to injury and disease. 

No satisfactory treatment is available. Treatment with massage and 
hot and cold applications, as sometimes prescribed for any swelling, may 
be of some benefit. Preventive measures are not knoivn. Extensive re- 
search has shown that the kind or amounts of common feedstuffs do not 
affect the mcidence or severity of udder edema. Studies on proteins, 
salts, and other factors which influence the osmotic pressure of blood 
may provide a key to the solution of this problem. 

Tumors. Cattle are afflicted with abnormal tissue growths in a manner 
similar to man. However, the frequency of involvement of given tissues 
is quite different. 

Cancer of the eye is one of the most frequently observed. Its occur- 
rence in Hereford cattle is by far greater than in other breeds, ^vlth 
cases in dairy cattle quite infrequent The adrenal glands and the uterus 
are also subject to tumors, some of which are difficult to diagnose. A 
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limited portion of reproductive difficulties is probably associated with 
tumors. No good recommendations can be given for prevention or 
treatment. Surgery may be successful on superficial and benign tumors. 

Irritation from ingested metal (hardware disease). This problem is 
probably more physical than physiological; however, it is a result of 
the eating habits of cattle. In the normal process of eating, large mouth- 
fuls of concentrates and forages are consumed with only enough chewing 
to moisten them for s\vallowing. Any nails, pieces of wire, or other stray 
bits of metal contained in the feed are swallowed. These eventually work 
their way into the reticulum at the fonvard portion of the stomach. Mus- 
cular contractions of this organ force the sharp points through the wall 
of the reticulum. Nails or pieces of wire may penetrate through the dia- 
phragm and even puncture the heart. 

Symptoms of this difficulty include feed refusal and evidence of dis- 
comfort in the chest region. In some eases, relief may be obtained by 
elevating the front legs of the animal so that the object falls away from 
the fonvard area of the reticulum. This is usually temporary treatment. 
Frequently, the offending object can be removed by opening the rumen 
at the area between the hip and the last rib below the loin, and reaching 
into the reticulum with the hand. 

The most satisfactory prevention is not allowing metal scraps to get 
into the feed. Magnets are available for oral administration, which re- 
main permanently in the reticulum. They are designed to hold the sharp 
metal in a position so that it is not harmful. These are successful in 
some cases. 


POISONOUS CHEMICALS AND PLANTS 

A number of chemical substances to which cattle are exposed with 
varying degrees of frequency cause metabolic upsets with results rang- 
ing from mild symptoms to death. Some of the more common problems 
are considered here. 

Molybdenum toxicity. In limited geographical areas, the soil contains 
large amounts of molybdenum, which is taken up by forages. Cattle 
consuming these forages show symptoms which include a profuse diar- 
rhea, general weakness, anemia, and a fading of the hair coat. Death 
occurs in severe cases. Ten parts per million of molybdenum in forages 
wilX cause symptoms to appear after a period of several months. Twenty 
to 100 parts per million result in symptoms occurring within a week. 

These forages should, of course, be discontinued. Feeding copper 
sulfate helps control the symptoms if the ration does not include over 
15 to 20 parts per million of molybdenum. Copper sulfate may be sup- 
plied as one-half to one per cent of a salt mixture. 
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Fluorosis, Cattle do not tolerate an excessive intake of fluorine. Nor- 
mal calcification of bones and teeth is interfered ^vith in young animals. 
Excessive wearing of teeth and stiffness or lameness as a result of bone 
involvement occurs in older animals. In acute cases, diarrhea, loss of 
appetite and weight, and irritation of the digestive tract occurs. 

There is no satisfactory treatment. The intake of fluorine should be 
kept below 30 to 60 parts per million in the total ration, for well-fed 
animals. Animals which are not well fed are somewhat more susceptible. 

Exposure to fluorine poisoning is not widespread, but occurs in areas 
where dust from certain industrial processes falls on forage fields, or 
where excessive amounts occur naturally in soil or water. Mineral sup- 
plements which contain high levels of fluorine should not be used. 

Sefcntum poisoning. Forages ^own on soils high in selenium take up 
this clement in amounts toxic to cattle. Soils with considerable selenium 
are most common in the western area of the country. Symptoms of 
selenium poisonmg include rough horns, deformed hoofs, xvith eventual 
loss of the hoof, and loss of hair from the tail sxvitch. Breeding difficulties 
may also occur. 

Levels of 10 to 40 parts per mOlion of selenium in the forage will pro- 
duce chronic symptoms over a period of several weeks. Forages contain- 
ing 200 parts per million or more will produce acute poisoning in a few 
days. 

Kitrate poisoning. Nitrate poisoning results from the ingestion of ex- 
cessive amounts of nitrates which arc converted to nitrites in the di- 
gestive tract and absorbed into the blood stream. Here the nitrites tie 
up the oxygen -caiT)7ng capacity of the red blood cells. Symptoms in- 
clude staggering, blue coloration of normally pink membranes, labored 
breathing, coma, and death. Abortions have been reported as a result 
of the grazing of weeds or high nitrate content. 

Treatment consists of intravenous injection of methylene blue dye 
at the rale of 4 milli^ams per pound of body weight to release the red 
blood cells from the nitrite. Bleated treatment may be necessary and 
is not successful if it is not given early, or if the tying up of oxygen- 
carrying capacity has become too extensive. Admmistration of a cathartic 
such as mineral oil may reduce the absorption of material remaining in 
the digestive tract. 

One source of nitrates is the accidental consumption of nitrate fer- 
tilizeis or other nitrate compounds. Several plants grown on soils high 
in nitrates lake up excessive amounts of it and are also a source of poison. 
Oats and a number of w eeds are particularly apt to be offenders Other 
forage crops have been observ'cd to be implicated. A level of two per 
cent or more of the dr)' weight of forage in the form of nitrates renders 
jt dangerous to feed 

Arsenic poisoning. Arsenic poisoning occurs when cattle, usually ao- 
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cidentally, consume it from spray residues or material used for other 
control measures in farm operations. Symptoms include loss of weight, 
digestive upset, bright reddish color of internal membranes, and severe 
depression. Death occurs in many cases. Treatment is not usually effec- 
tive. 

Lead poisoning. Poisoning by lead compounds is nearly always the 
result of animals gaining access to residues from routine uses. Lead paints 
on structures or equipment used in painting are particularly frequent 
sources. Lead from sprays used on vegetable or fruit crops is sometimes 
involved. 

Symptoms of lead poisoning include profuse salivation, inflammation 
of the digestive tract, refusal to eat, and diarrhea. In addition, lead has 
an effect on the nervous system, which results in a number of erratic 
movements. Lead is a cumulative poison and a series of small doses may 
be as dangerous as a single larger dose. 

In some cases, when given early enough, epsom salts may act as an 
antidote, by rendering the lead in the digestive tract less soluble and 
absorbable, 

Hyperkeratosis. Cattle which consume lubricating grease containing 
chlorinated naphthalene as an additive will exhibit the symptoms of 
serious vitamin A deficiency. Such greases on farm machinery should be 
kept away from cattle and should not be allowed to get into mixed feeds 
during processing. The difficulty involved is one of preventing the con- 
version of carotene to vitamin A, rather than a deficiency of carotene in 
the diet. 

Prussic acid poisoning. The leaves of a number of plants in which 
normal growth has been interfered with by frost, drought, trampling, or 
other means, frequently contain hydrocyanic acid (prussic acid) in 
quantities which are poisonous. Plants commonly involved are wild 
cherry and the sorghums, including Sudangrass and Johnsongrass. 
Young plants and second growth are most dangerous. Generally, plants 
made into hay or silage lose their poisonous properties, but occasionally 
a problem may develop with this material. 

Sudangrass and other potentially dangerous forages should not be 
grazed until growth has reached 15 inches or more, or for a considerable 
period following frost, hail damage, or other injury to the crop. Cattle 
should not be allowed access to sorghum which has just started regrowth 
follo^ving harvest for silage. 

Symptoms of prussic acid poisoning include rapid breathing, stupor, 
convulsions, blue coloring of normally pink membranes, paralysis, and 
death. 

Treatment is frequently unsuccessful and must take place early to be 
effective. A mixture of sodium thiosulfate and sodium nitrite injected 
intravenously or into the abdomen may be helpful. 
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Poisonous \ceeds There are numerous poisonous weeds to which dairy 
cattle may be exposed Poisons from them result m a variety of symptoms 
including abortions, and various effects on the central nervous system, 
the digestive system and the respiratory system Fortunately, these \i eeds 
are not very palatable to rattle and are usually not eaten except when 
the animals are unusually hungry Management of pastures and fence 
lines to keep them free from weeds, and providing abundant good quahty 
forage ivill prevent consumption of harmful weeds in most instances 
Many harmful weeds are somewhat regional m occurrence, and local 
authorities can help in idmtifying them 

INFECTIOUS DISEASES 

Mostilu. Inflammation of the mammary gland is the most costly disease 
affecting dairy cattle It is present to some degree m practically every 
herd The symptoms vary from a few flakes or clots in the milk to ex 
tremely abnormal milk and red, swollen, and fevensb udders In severe 
cases, infection can become generalized and result m death The disease 
frequently results m partal or total destruction of milk syntbesizmg tis 
sue in the quarter or quarters Involved 

Mastitis may be caused by a wide range of organisms which infect 
the udder The bactenum Streptococcus agahctoe has been a particular 
common cause Pseudomonas organisms and yeasts are sometnnes in 
volved as well as Staphylococcus type bacteria. The mfecbons are en 
couraged by improper handling of the udder m miBang and by poor 
milking techniques Infectious organisms are abundant in the environ 
dent of the cow, and any mjmy to the debcate membranes lining the 
udder, or any severe chflling may allow them to set up an active m 
fection. 

Treatment alone will not control mastitis, and careful management 
must be continually emphasized Specific treatments should be admmis 
tered only after examination has rev’ealed the causabve organism The 
treatment is determined by the organism mvolved. In some cases, anb 
biobcs may be infused into the udder or injected mtramuscularly This 
treatment should be given on the advice of a vetennanan 

IVhm antibiotics are used, the milk must be withheld from market 
for from three to nine days, dependmg upon the characteristics of the 
medication This is to prevent caatammuhon of milk supplies by the 
antibiotics 

It IS an excellent practice to take samples of milk from all quarters of 
cows m a herd penodicalI>, and have it examined for the presence of 
mastitis Most states roamtam a laboratory for thw w mk. Particular at- 
lenbon should be given to cows at the tune of dryxog off, smee intensive 
treatment may be most effeebv e dunng this penod 



173 


Diseases and Parasites of Dairy Cattle 

Management practices for the prevention of mastitis involve careful 
attention to proper milking procedures, as outlined in Chapter 2. Suf- 
ficient bedding, avoidance of overcrowding, and maintaining clear and 
unobstructed alleyways, all help to prevent udder injury. While it is 
difficult to eliminate the causative organisms from the premises, good 
sanitation is always important. Every effort should be made to prevent 
the spread of infection from one cow to another. Infected cows should 
be removed from the milking line. Indeed, this is required by the health 
authority in most areas. Cows with chronic mastitis are best sent to 
slaughter. 

Contrary to the belief of some dairymen, there is no evidence that 
the kind or amount of concentrate fed has an effect on the incidence or 
severity of mastitis. Udders of high-producing cows are subject to more 
stress than those of low producers, and this may have some influence on 
the incidence of mastitis. Curtailing feed to reduce production is poor 
economy. The infection should be eliminated and normal feeding prac- 
tices followed. 

There is some evidence that certain individuals are more resistant to 
mastitis infection than others. This characteristic may be inherited and 
research is in progress to learn more about this possibility. 

Brucellosis or Bangs Disease, Brucellosis is caused principally in dairy 
cattle by the organism Brucella abortus which was isolated by Bernard 
Bang of Denmark; hence the name Bang’s disease. Brucella suis, and 
Brucella melitensis which infect swine and goats respectively, may oc- 
casionally be the causative agent in cattle. This disease is of particular 
concern because it is transmissible to humans, where it is known as 
undulant fever. 

The chief symptom of brucellosis in cattle is abortion in the last third 
of pregnancy. Calves may be bom very weak. Retained placentas and 
vaginal discharge are other symptoms. Diagnosis of the disease is usually 
made by an aglutination test of the blood, which indicates the presence 
of antibodies. The organism may also be isolated from an aborted fetus, 
or from the placenta or reproductive tract. There is no effective treat- 
ment. Individual animals usually develop an immunity to the disease 
after two or three abortions. However, the economic loss is severe 
previous to this. Brucellosis is highly contagious and spread by direct 
or indirect contact with products of the infected reproductive tract as 
well as in milk. Sexually immature females are generally resistant to 
the disease. Non-pregnant females and bulls seldom show symptoms 
of infection. 

The federal and state governments have an active program for the 
eradication of brucellosis. This involves the testing of all animals and 
the slaughter of infected ones. As an aid to the program, an indemnity 
is paid to oivners of cattle by each of the participating governments, so 
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that the state and federal govenmients help the o;v7Jer cover any loss 
incurred in slaughtering infected covvs. There are a number of approved 
variations in carrying out the eradication program which are utilized 
in different areas> Beef as well as dairy cattle must be included in an 
eradication program. 

A mstjoiity of states have been certified modified brucellosis-free, 
which means that less than one per cent of the cattle and less than five 
per cent of the herds in that state are infected. In 1960, New Hampshire 
>vas declared free of brucellosis in cattle, the first state to defeat the 
disease. 

Brucellosis is prevented by vaccination of all calves between the ages 
of four and nine months. This practice should be routine in all herds. 
However, it must be emphasized that immunity hy vaccination is not 
absolute. Considerable variation exists in the reaction of individual ani- 
mals. A test-and-slaughter program for mature animals is necessary, in 
addition to calfhood vaccination, to eliminate the disease. Contact svith 
animals or herds where there is a possibility of infection should be pre- 
vented. All new animals coming into a herd should be tested for brucel- 
losis. 

A “ring lest" for use on millc has been developed which is of help in 
locating infected herds. This test is usually performed on the mixed milk 
from one or a number of herds. Follow-up work when infection is in- 
dicated is necessary to locate the specific herds or ammals. This test is 
an aid in detecting infection, but cannot be relied upon for complete 
control since many animals not giving milk are susceptible. 

Bovine tuberculosis. Tuberculosis organisms affect cattle as well as 
humans and birds. Three distinct types of organisms are knoivn ivhicb 
are assodaled ^vith these three speries. There is some susceptibilitj’ 
among cattle to the other two types. Humans are somewhat susceptible 
to the bovine type. 

S>Tnptoms of tuberculosis in cattle include a gradual Joss of iveight 
and condition, and a chronic coo^ when the lungs are involved. Lesions 
develop most frequently in the lungs, but may develop in nearly any 
organ. Death occurs in advanced cases. Frequently, animals do not show 
external symptoms until internal lesions are well developed and irfde- 
spread. 

There is no satisfactory treatment for tuberculosis in cattle. Infected 
animals are detected by a skin lest. There is an eradicabon program by 
federal and stale gen'emments wWdi has been under\vay since 1917. By 
1940, the entire United States was declared a modified accredited area, 
meaning that less than 05 per cent of the cattle in each county were 
infected. 

Ne\v animals introduced into a herd should be tubeiculosis-fiee, and 
contact with other herds should be kept at a minimum. Since cattle may 
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react to the tuberculin test after contact with the avian type of tubercu- 
losis, wild birds should be discouraged around bam areas and feed lots. 

Although infection has been reduced to a low level, continued vigi- 
lance is necessary. Recently, there have been increased infection rates in 
some areas. All herds should be tested annually for tuberculosis. 

Paratuhercuhsis (Johne*s Disease). This disease is widespread 
throughout the United States, but does not afiFect many cattle. Symptoms 
are a persistent diarrhea which does not respond to any usual treat- 
ment. There is a rapid loss of weight, accompanied by a rough hair coat 
and a dry sldn. Appetite is reduced, but iisually in the later stages. Fever 
is not normally present. There is a lest available for Johne’s Disease, 
which should be used on all animals when infection is known or sus- 
pected in a herd. Diagnosis is based on isolation of the organism or 
positive reaction to the test. There is no satisfactory treatment, although 
vaccines have been attempted. Because of the chronic nature of the 
disease, it is frequently not recognized until in the advanced stages. 

Prevention involves complete separation of healthy animals from in- 
fected ones and their excreta. Complete sanitation is important. The 
causative organism is not killed by usual concentrations of chlorine or 
lye solutions and special measures to destroy it are frequently necessary. 

Trichomoniasis. This is a true venereal disease of cattle, spread by 
the act of mating. The organism Trichomonas foetus lives in the repro- 
ductive tract of the cow and in the sheath around the penis of tlie bull. 
Infection in the female results in interruption of pregnancy, in such early 
stages that usually no evidence of abortion is observed. Rather, delayed 
or irregular heat periods occur persisting over a period of several months 
before pregnancy is established. Considerable accumulation of pus in 
the uterus sometimes occurs. If this persists, the animal may not return 
to heat. 

Diagnosis is based on the isolation and identification of the organism. 
Treatment in the female consists of a rest from reproduction for three 
to four months, during which time the infection usually clears up. Some 
cases of infection may require a longer period of rest. 

In the male, special rather complicated treatments are available which 
offer some degree of success when administered by a competent person. 

Tricomoniasis is prevented inspecting, and ^vithholding from use, 
bulls not known to be free from the disease. Matings between disease- 
free bulls and possibly infected females should be kept at a minimum. 

Artificial insemination does not afford protection, since the tricho- 
monads are not affected by usual semen processing techniques or by the 
antibiotics used in extenders. Bulls used in artificial insemination should 
be thoroughly checked before being placed in service. 

Vibrio fetus. Another cause of abortions early in pregnancy is infec- 
tion with the organism Vibrio fetus. 
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This organism resides m the reproductive tract of the female and m 
the male particularly m the prepuce Symptoms of the disease occur m 
cows and heifers ivhich repeatedly return to beat for periods of from 
three to six months In some instances the infection may last up to a 
year The disease is transmitted at the time of mating Diagnosis is based 
upon the isolation and identification of the organism from the repro- 
ductive tract or from the stomach of an aborted fetus Accurate diagnosis 
fs a fairly difficult process 

Treatment for the female usually tales the form of a reproductive 
rest and breedmg wnth artificial mseminabon smce spontaneous re 
covery from the symptoms usually tales place A rather difficult treat 
ment is available for males Carefully controlled processmg of the semen 
with the use of certain antibiotics seems to afford good control of the 
organism However there is still some quesbon m regard to its total 
effecbveness 

Pre\enting matings between disease free and possibly infected am 
mals IS important 

Leptospirosis This is a disease whidi infects a wide range of animals 
mcluduig cattle and man There are several vanebes of the organism 
which may be involved Leptospira pomona occxirs most frequently in 
cattle S}inptoms include aborbon which may occur at any stage of 
pregnancy but most frequently during the final one thud Weak or still 
bom calves may result if they are earned to term 
Beduchon or stoppmg of milk produchon may occur The milk may 
become yellowish Lice colostrum or colored with blood The udder may 
show abnormalibes The unne may become colored with blood The 
more severe cases may be accompanied by fever and lack of appebte 
which lasts for several days 

The organism is shed in the unne and may be transmitted by anything 
which has been contaminated infected unne Some mdividuals may 
shed the organisms for a long penod after becoming free of the symp- 
toms Definite diagnosis depends upon isolabon and idenhficabon of the 
organism which is a difficult task, Tentabve diagnosis may be made by 
a serological lest Completely satisfactory treabnents are not available 
although the use of certain anbbiobcs may reduce some of the sjTnptoms- 
Leptospirosis can be prev ented b> eliminating the contact of health) 
animals with possible sources of mfeebon These mclude rodents and 
other smaller animals which ma) be infected or transport the organism 
on their bodies Contact between herds should be avoided. Including 
contact b> sbeams flowing from one farm to another 
Isewl) purchased animals should be checked by the serological test 
before introducbon into the herd. If leptospu-osis is diagnosed in a herd, 
or a neighbonng herd v acemabon for (he disease may be recommended 
The vaceme currently available provides umnumty for a limited bme 
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up to six months, after which revaccination may I;’®- 

search information is needed on this disease and the development of 

control measures. , i ..offlo 

Shipping fever. Disorders involving the respiratory system of cattle 

are aZost universal in occurrence. Symptoms include an ^ e^ 
temperature, chills, increased breathing rate, depression. ^ 

watery discharge from the nostrils and eyes, and a c iarac 
Death may result directly from this "shipping fever, or from secondary 
causes brought on by the weakened condition. „ Ti. an 

The organism or organisms causing the disease are not Im ^ P 
pears to be brought on by unusual stress placed on the an™al, parbeu- 
Ly in transporZg it from place to place; hence the name. A-as such 
as Lckyards, cattle cars and trucks, and show arenas, where many 
cattle move through. apparenUy become with shaping 

fever. Some recovLd animals may be carriers of the disease. Young 
animals are frequently more susceptible than older ones. 

There are no really satisfactory treatments or preventive measure . 
Adminisbation of certain antibiotics to the sick anima s, an _ 

mals in the herd, frequently reduces the severity of ^ 

toms and helps control complications resulting from e i 
Injections of certain bacterins or serum preparations have been used 
in attempts to control shipping fever. No 

indicated where careful tests have been made. The h^t preventive 
recommendations which can be made are the prac ce o S , 

tion, prevention of contact between infected and healthy animals, and 
management of cattle in such a way that they are su jec e 

mum of stress. . .o • c 

Foot rot. This is a term used to describe non-specific infections 
the feet of cattle. Symptoms are lameness and swelling of the atterte 
leg above the hoof. There is frequently an open site of -nfeobon some- 
where in the horny part of the hoof. It is treated by c eaning, i 
removal of dead tissue, and disinfecting the infected area. Bandag g 
to keep the area clean is usually recommended. Systemic ea “ 
antibiotics or sulfa drugs is sometimes helpful. In severe cases, p 
tion of part of the foot may be necessary. 

Prevention involves the elimination of muddy or we con a 
areas where cattle can stand or walk and pick up infection. Cattle 
should not be allowed to stand in manure-filled gutters. Trimming ove - 
grown feet and eliminating other causes of breaking o ooves, \v ic 
prm-ide an opportunity tor the infectious organism to enter, mo neiptui 
measures. Providing a shallow box filled with lime throug w ic ^ ca e 
are forced to walk may be helpful, but is less desirable than elimination 
of poorly drained areas and of other sources of infection. 

Anthrax, This is a highly contagious disease of great virulence. It is 
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caused by the organism Bacillus anthracis. It results in symptoms of 
brain damage, staggering, difficult breathing, convulsive movements 
and death. Less acute forms of the disease involving swelling in various 
parts of the body. Lesions of the tongue or diroat may occur. 

Positive diagnosis is based on isolation of the organism. The organism 
is spread in many ways and is difficult to destroy. Thus complete and 
intensive sanitation measures are necessary when the disease is present. 
Certain antibiotics are fairly effective in treatment. 

A high degree of protection may be obtained by vaccination. This is 
usually practiced in herds and areas where the disease may he a prob- 
lem, rather than as a routine measure. Anthrax does not occur Avith very 
great frequency in this country. 

BhcJdeg. BlacMeg is known in most sections of the United States. It 
affects young cattle six to nineteen months old particularly. The organism 
involved is Clostridium chauvoet. Symptoms are high fever, the presence 
of su’cllings under the sldn which are filled with gas, loss of appetite, 
stopping of rumination, rapid breathing, and depression. Death occurs 
in most cases in li to 36 hours. 

Early treatment with antibiotics usually gives good results. Treatment 
in advanced stages is meSecUve. Calves two to four months old should 
be vaccinated agamst blackleg. Immunity persists for nine to twelve 
months, and vaccination of individual animals may need to he Treated 
to get them over the susceptible period. 

Pink eye. Pink eye, or infectious keratitis, occurs throughout the world. 
The organism H, bovis has been impb'cated in the disease, but specula- 
tion still exists as to its actual cause. 

Symptoms are a swelling of the eyelid, which becomes red and con- 
gested. A >vatery discharge occurs in early stages, which later contains 
mucus and pus 

In some cases, ulcers form on the eyeball, permanently blinding the 
cow. Temporary blindness frequently occurs. Pink eye may be trans- 
mitted from infected animals to healthy ones New animals introduced 
into a herd frequently bring in the infection. 

Antiseptic eyewashes and sometimes certain antibiotics are helpful 
in certain individual cases, but a satisfactory treatment is not available. 
Treatment of symptoms, and keeping infected animals in a cool, dark 
place are recommended. Elimination of flies, which may spread the 
disease, and isolation of new animals or those which are suspected to 
have the disease for 60 days, will aid in controllmg it 
Actinomycosis and actinobaciUosis. Infection \vith the organism 
octmomyces botis usually occurs in the bones of the upper or lower 
and is frequently called lumpy jaw." The symptoms of lumpy j'aw 
are a large s^^elhng on the bone involved, usually accompanied by sore- 
ness. Actinobcciflus hgnierest bactena infect the soft tissues of the head 
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and neck. The latter disease is responsive to treatment. Antibiotics 
sulfonamides, iodides, and surgery are used. Similar treatments are u 

on actinomycosis, but recovery is less frequent. are 

Good sanitary measures and the separation of diseased animals are 

monocytogenes. Infection is sporadic and usua y imi e 
mals, hut as much as a fifth of some herds may be afS'^ted The firs 
symptoms are feed refusal and restlessness. Temperature r^es are 
qnent. There are signs of central nervous system 

may walk in circles with apparent blindness. Progressive i j 

paralysis and death may folloiv. Some animals gradually improve and 

eventually recover. ^oocnrp^ 

Successful treatment is not available, nor are preventive measures. 

except for good sanitation procedures. 

Foot andnrouth disease. This is one of the most " 

diseases. Man does not appear susceptible to A- or We been how- 
known to exist in the United States at this ftme. er . j severe 
ever, a number of outbreaks in the past which have required severe 

measures to eliminate. , <mnnrt^ 

Foot and mouth disease is responsible for ‘ 

to the United States of live animals or animal ^ 

countries, unless they are steam coolced or otherwise spe ^ ^ . 

A tiny virus is the cause oE the disease. Symptoms are These 

cles on the membranes of the mouth and tongue and on the feet. The 
may also occur on the udders of cows. t. rippn 

Slaughter of all infected and exposed animals ® ? 

burial is the method of elimination used in this country. 
used to some extent with limited success in other areas, jrop 
foot and mouth disease resemble those of vesicular s om ’ , 

also affects cattle. Any suspected cases should be repor e i 
to a veterinarian for diagnosis, . 

Vcsiculnr stomatitis. This is a virus-caused disease vesicle 

or blisters in the mouth. In appearance, it is similar to °° liPtween 

disease, and laboratory tests are necessary to differen i ^reat- 

them. The disease is spread most frequently by dime con * , 

ment is not effective, but animals normally recover from unc ^ ^ , 

cases of infection. Isolation and rigid sanitary measures am in i 
Because prompt diagnosis is important to differentiate this 
foot and mouth disease, any suspicious condition s lou 
immediately to a veterinarian. c r • i.. 

Mwscosal diseases. These virus-caused diseases are o 
diagnosis. Four or more distinct groups are recognized. They r - 
actcrixcd by irritation of the mucous membranes of the rcspira ory y 
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tern and the digestive tract. Diarrhea is a frequent symptotn and it is 
sometimes referred to as virus diarrhea. ^Vhen the respiratory system is 
involved, discharges and other usual symptoms of respiratory infection 
occur. Some of the same viruses may be involved in the shipping fever 
syndrome. 

Little detailed mfoimation is avaiiahie on the diseases. Specific con- 
trol measures have not been prescribed. Good sanitation procedures 
and treatment of symptoms are in order. 

Ancplcstnosfs. Parasitic invasion of the ted blood cells occurs in this 
disease. A protoaoa, Anaplosma margindle, is the causative organism. 
Symptoms, except for the fever which may occur early in the infection, 
result from the destruction of red blood cells. Loss of weight, increased 
rate of breathing and heart beat, and paleness of mucous membranes 
are usually observed. Animals, particularly younger cattle, may have the 
disease in rather mild form- It also may be very acute, ^vilb death oc- 
curring in 24 hours after the appearance of symptoms. Many variations 
behveen these extremes occur. 

The exact mode of transmission of the disease is not well understood, 
althou^ several species of ticks have been implicated. 

Treatment ^vlth certain antibiotics seems to reduce the activity of the 
parasites. Time is needed, however, to replem'sh the supply of red blood 
celb. Blood transfusions are helpful in this regard. 

Prevention involves control of ticks, which may serve as intermediate 
hosts or carriers, and the elimination of animals which may be carriers 
of the disease. 

PARASITES OF CATTLE 

A number of parasites infect dany cattle and cause considerable 
losses. As with diseases, prevention is the most economical mediod of 
control. Healthy, well-fed animals are best equipped to combat para- 
sites. 

A number of parasites are shed m flie feces of cattle and are con- 
sumed by graang animals. Paddocks and intensively grazed pastures 
can become heavily contaminated and a source of danger, particularly 
to young animals. In areas where parasites are particularly troublesome, 
each group of calves and young cattle should be provided paddock 
and grazing areas which have not been recently contaminated by older 
cattle or sheep. 

Few catde are entirely free of internal parasites in some form. How- 
ever, most well-managed and Hell-fed animals apparently do not suffer 
seriously from them. A number of chemicals are available for combating 
parasites in cattle. Chemicals should be used carefully for mfildug cows, 
since many of them appear in milk. No tnflk contaminated with medica- 
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tion should be allowed to enter the supply used by 

Diagnosis of parasites of the digestive tract of cattle ,s usually made by 

isolation of eggs or other evidence from the feces. 

Bovine cocddiosis. This is a common 
calves. Symptoms are diarrhea, general wealmess, ^ ’jj j; 

retarded growth. A number of species o '“^“ sn^ible 

among the most important parasitic problems m cattle, g P 

lor a considerable portion of calf scours. frenuentlv 

Calves between three weehs and six months ‘ 

affected, but it may attach animals of all . , When in the 

rvith feed contaminated by the feces of “ ’^ne 

proper stage of development, they enter the cells ^ 
where they go through several stages of deve opmen 
which is excreted, is finally produced. It is during 
which may contain blood, mucous strands, and f ""P'/.f? 
lining are excreted. Treatment of badly infected animals is usually 
effective, although sulfa drugs may be of beneht. , 

Roundmornis in cattle. A large "“'"^er “f different roundwo^^^ 
be found in the stomach and intestine of catt e. ^ ^ similar 

of species may be found in one animal. Mo^ o e p ^ animals, 

type of life cycle. Eggs are excreted in the teces or i 

Larvae develop from the eggs and after ® —j however, 

consumed by grazing cattle. (The larvae of some r ^ 

can penetrate the shin of cattle and evenUia ly worh he r way to me 
digestive tract.) In the digestive ^ct th^ larvae matum and attach 
themselves to, or hore into, the lining of the 

produces eggs and the cycle is repeated. „.,fr;onf5 which 

Roundworms are damaging to cattle, . .. q,. stomach 

they steal from them and the damage they do to e i 
wall, which may be very severe. opneral 

Symptoms of roundworm infection are diarr 
wealcness, rough hair coat, retarded growth or . feces. In 

severe cases, death. Diagnosis is by isolation of eggs • 

some instances, this is complicated by the fact tha egg 
produced for a considerable period after ° hodv the 

Prevention of infestation is important. IVhen outside 
larvae require moist conditions. Well-drained P®® . streams 

mudholes, and the practice of fencing cattle away ^ mnsiderable 
and marshy areas is helpful. The rotating of pastures, wi (ijev 

period between grazings, allows many of the larvae o i 
can be consumed. It is particularly important to imi ^ 
young calves to uncontaminated areas. New amma s w i , 

roundworms should be kept in isolation and examine o p 
fore being admitted to the herd. 



182 Diseases and ‘Parasites o/ Dairy Cattle 

Treatment may be made with a number of drugs, of which pheno- 
thiazme is the most commonly used ^Vhen administered at recommended 
levels, it IS effective agamst a iminbet of species If a species is present 
which IS not controlled by pbenotbiazme, the recommendations of a 
vetennanan should be followed Phenothiazme cannot be used to treat 
truiking cows while the milk is used for human consumphon, since the 
drug appears in the mdk. 

Tapetcorms and bladdencorms Several species of tapeworms and 
bladderworms infec* cattle Tapeworms may be several mches long 
and up to % inch ivide They attach themselves to the wall of the in 
teshne, where they obtain nutnents Segments of die worm and eggs 
are discharged m the feces Tapeworms can be controlled by the ad 
ministration of proper drugs to the animal 
An intermediate host, the beetle mite, is necessary for the life tyde 
of the tapciiorms which are most important m cattle The effect of 
tapeworms on cattle is not well understood, smce they rarely occur as 
the only parasite 

Bladderworms m cattle occur when they eat the eggs of tapeworms 
excreted m the feces of dogs or man Ibese worms bore info various 
tissues, where they form a cyst One species locates m the bram, wth 
serious consequences With this exception it is generally believed that 
the most senous effect of hladderworms ts the loss of meat contaminated 
b> them 

BJadderwonns are controlled by preventing the consumption of eggs 
by cattle Keeping dogs free of parasites through medicahcm and the 
destruction of infected meat, along with good general samtabon, is 
usually recommended 

Lung icornw One type of worm parasite enters the lungs of cattle, 
where it causes pneumonia liTe symptoms which at tunes result m death 
This parasite is most senous m (he Southeastern Umted States and on 
the Pacific Coast Larvae are coughed up by the infected animal, swal 
lowed, and passed out in the feces After a penod of development, if 
the larvae are consumed bj' another anunal, they get to the lungs and 
set up a new infecbon An animal with only a slight mfecbon may be 
dangerous because of the number of parasites excreted, 

Ltcer ^ufces There are several species of User flukes which attack 
cattle ^^^llle the greatest economic loss is m condemned livers at 
slaughter fame, heavy infection can result in reduced producfaon of die 
host laver flukes have an mtercshog life cjcia They lay m the 
bile ducts of the Uver The eggs pass out of the host with the feces 
Hatching takes place in water and the larva swuns about until it finds 
a suitable snail, into which it bores Several vanefaes of snails are m 
volved, some specific for the different varieties of flukes 

hiside the snad, the Bake undergoes a number of changes before it 
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leaves and becomes attached to vegetation near the surface 

After being eaten by cattle or sheep, the flukes work 

the intestinal wall. Eventually they reach the 

trate, finally entering the bile ducts and maturing m 

The damage caused by these organisms in the liver can "I .u. 

Control of liver flukes is difficult and complex. Keeping eatfl® 
from pools of water and from forage which has been grorvn m stagnant 
water is the best management procedure. Sonae measures 
to eradicate the intermediate hosts, the snails, but these are difficult 

™Mange^or Bom Itch. There are several parasites 
skin of cattle. Several varieties of mites burrow mto the 
irritation and scabbing. They are most frequently oun ^ 

skin and little hair, as on the inside of the rear legs. The «« >t *e 

irritation to the animal and the danger of infection in e ‘ 

ment involves the use of toxaphene, lindane, or ot “ 

type of mite produces nodules in the skin in the area o 

neck. This organism is difiicult to treat. Usually mi e i w., 

worse in the winter period and when animals are con n . 

spread by direct contact and, probably, by currycom s an . r 

r^ent. Some of the mites are transferable to hurnans._ If 

is suspected, a veterinarian should be consulted for diagno i 

“Tit" Carare susceptible to blood-sucking lice of several different 
species. They cause itching, irritation, and poor con i rnnnths 

Infestations usually are most pronounced during e DDT 

Control of lice is accomplished with a number o ^^sec i ' ’ 

Methoxychlor, BHC, and others are effective. Caje should be take 
use only materials approved for lactating cows if e m i 

human consumption. , , . n of 

Cattle grubs. Heel flies or warble-flies are a problem m all parts of 
the United States. They lay eggs on hairs on the lower of cattle 
The larvae hatch here and penetrate the skin, 
through the tissues to the back of the animal. They cu oug 
for a source of air. The grub matures in this spot, creating a 
the skin. The lumps usually appear during the winter months, 
larvae matures and leaves the animal in early spring. 

Heel flies are damaging in many ways. Hides and meat ^e ^ 
in value. There is much irritation caused by the grubs, winch remits m 
reduced feed consumption and production. Cattle have a ^ea ear 
the flies and often become very excited and run about in a charactensUc 
manner during the egg-laying season. i. 

Control of this pest is usually aimed at destroying the gmbs when they 
are in the host. Chemicals are available which may be fed or sprayed 
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on cattle for absorption through the skin. These are distributed through- 
out the animal's system and destroy the grubs before they reach its 
back. These treatments are not used on laclating cows or on animals 
soon to be sold for slaughter. For cattle in these categories, insecticides 
are available which, when applied to the back, destroy the grub before 
it emerges. With the availability of the systemic treatment, it is hoped 
that the occurrence of this pest may be greatly reduced. 

Flies. Control of flies is a problem in all dairy production units. Health 
and comfort of the cattle are involved, as well as compliance with sani- 
tary requirements for producing high-quality milk- Health and aimfort 
of workers are also a factor. Flies affect dairy cattle by biting and blood- 
sucking, and by carrying diseases. Major losses in production are suffered 
from the irritation and blood-sucking activities of flies. 

Control of flies starts with the elimination of growing sites for the 
larvae. These include manure and decaying organic matter from any 
source. Frequent removal and spreading of manure is essential. Drain- 
age or filling of wet areas is helpful. 

Maintaining a high degree of cleanliness, as indicated above, will 
greatly reduce the fly popufation. However, some direct control meas- 
ures are usually necessary. There are a number of insecticides which 
are eSeclive against flies. These include DDT, Methoxychlor, Lindane, 
Chlotdane, organic phosphates, Malalhion, organic thiocyanates, pyreth- 
rins, and others. They may be used as sprays, dusts, baits, or fogs. 
Pyrethrins are the safest, from the point of view of danger to animals 
or man- Many of the insecticides can be used only in restricted ways 
around cattle because of the possrbili^ of ermtaroination of milk. Or- 
ganic phosphates and some other insecticides are dangerous to all ani- 
mals, including man. Flies may build up a resistance to some insecticides, 
such as DDT, which may lose its effectiveness in a given area. This re- 
quires the use of a variety of insecticides. Becommendations of local 
authorities should be followed in developing the most effective, ap- 
proved fly-control program 
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A Rev^e^v," Journal of Dairy Science, 43*1585, 1960 

Plastndge, W V, "Bovine Maslili$, A Review," Journal of Dairy Science, 
41 1141, 1958 

Kingsbury, John M , "Plants Poisonous to Livestocl;" Journal of Dairy Science, 
41 875. 1958 

U.S Department of Agriculture, Animal Diseases, The Yearbook of Agncol- 
ture, Washington, DC.. US Government Printing Ofilce. 1956. 
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EFFECTIVE housing for dairy cattle 'fonveniencT 

quirements for health and comfort ° ® , materials handling, and 

comfort of the operator, efficiency of labor and mater.ais hana g, 

compliance with applicable health regu ations. 

Health and Comfort of Animals 

Dairy animals have simple requirements m ade- 

tection from storms and drafts or high wm s thrive In very 

quate. Cattle have a high degree of resistance to offi ” 

low temperatures if they are kept dry and sanl- 

wind currents. Shade is important m hot w produo- 

tary surroundings are necessary for disease control and for the pro 

tion of quality milk. ™ stalls of ade- 

Freedom of movement, as provided by loose housi g 
quate size, is important in preventing udder and leg i J 

Convenience and Labor Efficiency 

Dairy cattle housing should be so designed that the jg^of 

milk.7nd provide care for the herd with a 

time, travel, and physical labor. Maintaining an ^n gf 

requires the maximum efficient use of automation in 
feed and manure, as well as in the milking operation. _ 

be kept as low as possible if an adequate g„t and 

vided. Ready and convenient access to the animals for tre 
management procedures is needed. 


Health Authority Regulations 

In all localities, health authorities have developed regulations concern 
ing the housing of the milking herd. These regulations are 
assure the public of high-quality, clean milk at all times, ine a 
pllshments of these regulations, and the excellent sanitary opera i 
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on cattle for absorption through the sldn. These are distributed through- 
out the animal’s system and destroy the grubs before they reach its 
bach. These treatments are not used on lactating cows or on animals 
soon to be sold for slaughter. For cattle in these categories, insecticides 
are available which, when applied to the back, destroy the grub before 
it emerges. With the availability of the systemic treahnent, it is hoped 
that the occurrence of this pest may be greatly reduced. 

Flies. Control of flies is a problem in all dairy production units. Health 
and comfort of the cattle are involved, as well as compliance %vith sani- 
tary requirements for producing high-quality milk. Health and comfort 
of workers are also a factor. Flies affect dairy cattle by biting and blood- 
sucking, and by carrying diseases. Major losses in production are suffered 
from the irritation and blood-sucking activities of flies. 

Control of flies starts \vith the elimination of growing sites for the 
larvae. 'These include manure and decaying organic matter from any 
source. Frequent removal and spreading of manure is essential. Drain- 
age or filling of wet areas is helpful. 

Maintaining a high degree of cleanliness, as indicated above, will 
greatly reduce the fly population. However, some direct control meas- 
ures are usually necessary. There are a number of insecticides which 
are effective against flies. These include DDT, Methoxychlor, Lindane, 
Chlordane, organic phosphates, Malathion, organic thiocyanates, pyreth- 
rins, and others. They may be used as sprays, dusts, baits, or fogs. 
Pyrethrins are the safest, from the point of view of danger to animals 
or man. Many of the insecticides can be used only in restricted ways 
around cattle because of the possibility of contamination of milk. Or- 
ganic phosphates and some other insecticides are dangerous to all ani- 
mals, including man. Flies may buOd up a resistance to some insecticides, 
such as DDT, which may lose its effectiveness in a given area. This re- 
quires the use of a variety of insectiddes. Recommendations of local 
authorities should be followed in dev'eloping the most effective, ap" • 
proved fly-control program. 

FURTHER READING 

Cole. H H . and J M Boda. “Continued Progress Toward Controlling Bloat 
A Revle^v,'' Journal of Dairy Science, 43*1585, 1960. 
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41 1141, 1938 

Kingsbury, John M , “Plants Poisonous to Livestock,” Journal of Dairy Science 
41 875, 1938 
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the entire dairy industry, are demonstrated by the confidence of the 
public in the milk supply throughout this country’. 

Health-authority regulations cover space available to each ammal, 
lighting, ventilation, building materials, manure disposal, health of the 
cows and handlers, drainage, and other factors. They inay 
lished by municipal, county, or state governments. Recently the Unimo 
Stales Public Health Service, in cooperation with other agencies, has 
established suggested minimum standards for the production of mill:. 
These are presented ns two sets of suggested standards, one for me Pri>- 
duclion of mdk for fluid consumption and one for milk for manufactur- 


ing purposes. , 

A thorough study should be made of the health regulations pertain- 
ing to the market or markets where milk is expected to be sold before 
new construction or remodeling of housing for dairy cattle is under- 
taken. 


TYPES OF HOUSING 

Dairy cattle may be successfully housed under a wide variety of con- 
ditions, ranging from close confinement to little restriction except at 
milking time. Housing for cattle is commonly described as conventional 
(or stanchion) bams and loose housing. Stanchion bams refer to hous- 
ing as shown In Figure 11.1. in which the cows arc confined close to- 
gether on a platform and secured at the neck by stanchions. Feed is pro- 
vided at the stanchions and the cows arc milked there. 

Loose housing, as shown in Figures 11.2 and 11.3, is arranged so tha 
the animals can roam at will within the housing area. Forage is usua y 
provided in bunks on a more or less free-choice basis, depending upon 
the details of the feeding program. Milking is done in a room designe 
specifically for this purpose called a milking parlor. Concentrates are 
usually fed in the milking parlor, but other arrangements may be ma e. 

In practice, all gradations between the two types of housing are em- 
ployed. The specific design depends upon many factors associated svit 

individual farms. ui- 1 , 

Modem equipment and the need for labor efficiency have establis e 
a definite trend toward the use of loose housing and milking 
Following are some of the details which should be considered in differ- 
ent types of housing. 


loose Housing 


Loose housing is defined as a system in which amraals 
closely confined only at milking lime or for me 4 icf!) realipcnt. H 
are handled on a group basis except for these func' s,,cx 
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The milking herd. For the milking herd, a tiTijcal loose-housing ar- 
rangement consists of a feeding area, a bedded area, a paved area, a 
holding area, and space to confine cov.s at calving time or for temporary 
illness and treatment, and so forth- Provision for storage of feed and 
bedding and manure rcmovz\ are important considerations. Figures 11.2 
and 11.3 present typical and satisfactory layouts for loose housing. Many 
variations of these designs provide practical housing. Specific require- 
ments Nvili vary ^Wth the locality, but tlie follo\ving space recommenda- 
tions will apply in most areas. 

A bedded area of approximately 60 square feet per cow is suggested. 
The bedded area provides a place for the cattle to rest. It should be 
closed on the north or windward side and open on the south. Bedding 
is usually allowed to accumulate during an entire winter period. Addi- 
tional bedding is added as needed. Fermentation in the bedding pack 
provides a warm place for the cattle to lie. The bedded area need not 
be paved. No feeding, watering, or holding of cows should be carried 
out in the bedded area, and animal traffic should be held to a minimum 
to preserve a satisfactory condition of the bedding. 

The paved area, including feeding space, should be approximately 
100 square feet per cow. The paved area provides space for the cows to 
be in the open and is the area where hay and silage are fed. It should 
be designed so that it can be cleaned daily by scraping with a tractor 
and blade. Paving is important In this area to maintain good sanitation 
and cleanliness as well as to control foot rot and other problems which 
occur under muddy conditions. Feeding space, In length of bunks for 
hay and silage offered free-choice, should be 12 to 18 inches per cow. 
^Vhen forage is offered only at limited times each day, 24 to 30 inches 
of bunk space should be provided for each co^v. It may be desirable to 
have roofed feed bunks in some drcumstance. Self-feeing from hori- 
zontal silos may be done by allowing 6 inches per cow. Figures 11.4 and 
11.5 contain diagrams of several useful feeding arrangements. 

The holding area should provide approximately 15 square feet per 
cow. Cow’S are confined in the holding area in preparation for milking. 
From the holding area cows go to the milking parlor and retiun to the 
paved area. 

Waterers should be provided on the basis of a minimum of one cup 
per 25 cows, and should be located near the feeding area. A minimum 
area of 10 to 12 feet in diameter should be paved around the waterers. 
All paved areas should have a minimum slope of ^4 inch per foot to 
provide proper drainage. 

Feed should be stored as close to where it is to be consumed as pos- 
sible. Full use should be made of sflo unloaders and mechanical move- 
ment of feed, where the herd size and quantity of feed used justifies it 

Box stalls for use as maternity pens and for handling sick cows 





Figure 113 loyoul of a loots housing orrangsment for dairy cottls including provision for young animals. 
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Pguro 11.5. ArrongomenU for •Ificlont (eMllng of iHags from an upright »ito. 
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should be available in a convenient location at the rate of approximately 
one for each 15 animals. In addition, sufficient stanchions should be 
provided to allow for breeding, examination and treatment, blood- 
testing, and clipping of cows. The number of stanchions should equal 
about 10 per cent of the herd up to fen stanchions. Location of a cutting 
gate, in the alley leading away from the milking parlor, which can be 
used to direct animals to the isolation and treatment area, is very helpful. 
A squeeze chute in the same area is useful in confining animals for 
treatment. Where large herds are handled in loose housing, it is de- 
sirable to divide them into groups. Division may be on the basis of size, 
level of production, or other factors. Variations in feeding and manage- 
ment for different segments of the herd are possible when the herd is 
divided. With attention to design and location of feed bunks and so 
forth, the housing arrangements shown in Figures 11.2 and 11.3 may be 
divided by a simple arrangement of fences and gates. The optimum size 
of groups varies with the management situation. In most instances there 
is little to be gained in handling groups smaller than 30 or 40 cows. 
Groups larger than 100 head make any sort of individual management 
difficult. 

A "pie-shaped” design for loose housing for cows is sometimes recom- 
mended in warmer climates. The "pieces of pie” represent corrals which 
are arranged around a central milking facility. Forage is stored and fed 
at the outer edge of the corrals. Cows are usually handled in groups of 
20 to 30. A minimum of shelter is provided, but shaded areas are in- 
cluded in this type of housing. Provision for caring for calves and ani- 
mals needing treatment is made near the milking area. The circle of 
corrals can he nearly complete, providing an access road is provided to 
the milking parlor. 

Frequently it is desired to remodel existing buildings to accommodate 
cows in a loose housing setup. Depending upon the design of the build- 
ings available, they may be modified to provide various combinations 
of the feed and bedding storage, bedded area, or feeding area. Figure 
11.6 shows how existing buildings may he so used. 

Providing for calves, heifers, and dry cows is an important part of a 
loose housing arrangement. Young animals requiring intensive care 
should be located where they can be provided for wth a minimum of 
travel. Figure 11.3 presents a system in which these animals may be 
cared for efficiently. More detail of the calf housing is sho^vn in Figure 
11.7. This type of building may be designed in a size to fit the require- 
ments of any given herd. 

Individual calf pens of approximately 24 square feet are satisfactory 
for calves up to 8 weeks of age. The use of portable pens for calves is 
discussed in Chapter 6. Group pens (providing approximately 35 square 
feet per animal), wtli access to outside lots, are desirable for older 
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calves Heifers from 6 to 8 months of age to calving need a minimum of 
housing protection, provided feeding space is adequate and quarters 
are clean and dry. 


Stanchion Type Barns 

Milking cows can be efficiently handled in well-designed stanchion 
bams. Figure 11.1 contains a bam layout which provides for adequate 
space and efficient use of labor. The design in Figure 11.1 provides for 
20-cow units which may be easily expanded with increasing herd size, 
if the buildings are well located. Provision is made for a minimum 
amount of travel in feeding and caring for the herd. 

Adequate size of stalls is important in designing a stanchion bam. 
Udder and leg injuries occur with increasing frequency when stalls are 
too narrow or short. The dimensions listed in Table 11.1 will provide 
stalls of recommended size. So-called “comfort stalls" of somewhat larger 
size, and supplying more freedom for the cow, are sometimes used. 


TABLE 11.1. 

Weight of 

RECOMMENDED DIMENSIONS FOR 
DAIRY COWS OF VARIOUS SIZES. 

Heart 

Girth of 

STALLS FOR 

Cow 

Cow 

Stanchion Stalls 

(lbs) 

(Inches) 

Width 

Length 

80fl 

65 

3'6- 

4'8’' 

1000 

TOF- 

s-g- 

S'O" 

1200 

TS 

4'0“ 

S'4'' 

1400 

79% 

4’3'' 

S'S" 

1600 

84 

4'6- 

6'0^ 


Full advantage should be taken of labor-saving equipment wherever 
possible ia a stanchion, ham. Gutter cleaners, pipeUne milkers, and 
mechanical handling of forage and grain should be considered. 

Box stalls for maternity use and for handling sick cows are needed in 
the same ratio as in loose housing. They may be provided in a building 
similar to that in Figure 11 7. 

Providing for calves, heifers, and dry cows. The requirements for 
housing calves are the same as for a loose housing setup. Group handling 
of heifers is desirable, whenever possible, to provide for labor efficiency. 
Figure 11 7 includes a layout of quarters which may be used for heifers 
and dry cows equally as well wth a stanchion bam. Dry cows may be 
handled with the regular herd or in a group, as provided for in a loose 
housmg setup. 
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COMPARISON OF LOOSE HOUSING AND STANCHION BARNS 

Many arguments are heard on the merits of loose housing versus 
stanchion bams. More important than the characteristics of either are 
the feeding and management practices followed. Experiments have in- 
dicated that, with proper attention and management, similar milk pro- 
duction may be achieved with either type of housing. Animals may be 
displayed to greater advantage in a stanchion bam. There is a some- 
what smaller requirement for bedding, and animals are under more 
frequent observation in some instances. Labor efficiency is frequently 
greater in loose housing when it is well designed. 

There may be less opportunity for udder and leg injury in loose hous- 
ing, but again there is considerable variation among different herds and 
management situations. 

Costs 

It is difficult to provide accurate estimates of costs involved in hous- 
ing for dairy cattle. The value of materials and labor for buildings varies 
tremendously even over relatively short distances. Loose-housing setups 
generally are appreciably cheaper to construct than stanchion bams. 
Pole-type structures, which are among the cheapest buildings to con- 
struct, are particularly adapted to loose housing. 

These can frequently be built for $1.30 to $1.75 per square foot of 
area. An advantage of structures which are used in loose housing is 
that they can he adapted wth little expense or alteration for other agri- 
cultural enterprises. 

In most areas, a minimum investment of $450 to $500 per cow is re- 
quired to provide housing and milking facilities. If equipment and 
buildings of more than average cost are used, the investment will be 
appreciably higher. The milking parlor is a major item of expense in 
loose-housing setups. Where large herds are kept, the cost per cow 
of a milking parlor is reduced by using it more intensively. There is no 
reason why a milking parlor cannot be used nearly 24 hours each day 
in a large herd, if labor can be arranged. 


MILKING FACILITIES 

Milking Plants 

The milking parlor or milking plant has developed as the result of 
attempts to improve labor efficiency and working conditions surrounding 
the milking operation. By bringing cows to the milker and arranging 
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them at a convenient height for comfortable work, a great deal of travel, 
carrying of milk, and tiresome stooping and rising have been eliminated. 
The smaller area used more fntemcly also makes the maintenance of 
proper sanitary conditions for milking easier and more economical. Milk 
is normally moved directly from the milking claw through a pipeline to 
the cooling tank. Weighing ot measuring the milk from each cow may be 
accomplished by a number of devices which fit into the line. 

Loose-housing situations lend themselves particularly well to the use 
of milking plants. Figures 11.8 and 11.9 present layouts of two general 
types of milking plants. Both of these may be constructed in different 
capacities to allow for herds of varying size. The “in line" plant shown 
in Figure 11.8 may be modified by Increasing the number of stalls, or by 
placing stalls on both sides of the pit or in a U-shaped design. In this 
type of parlor one man can effectively handle three stalls and milking 
machines. Attempting to use more than three units per man usually re- 
sults in undesirable milking practices. 

The “lierringbone" milking plant shown in Figure 11.9 provides a 
situation where the udders of the cows are very close together and travel 
by the operator is minimized. This type of milking plant has a narrow 
operator’s pit, and milker units are used first on one side, then on the 
other. Research has indicated that the most efficient size herringbone 
milking plant is one which provides a “double four" unit for each 
operator. Only a very skilled operator can handle larger numbers. The 
herringbone system is a fairly recent development In this country. It pro- 
vides for rapid milking of a herd. However, since each animal comes 
under less observation than in other systems, additional care must be 
taken to provide adequate management supervision of the herd. 

The use of milking parlors Is not limited to loose housing. Some herds 
housed and fed in stanchion bams are mUked efficiently in milking 
parlors. 

Feeding concentrates in the milking parlor. It is a usual practice to 
feed the concentrate portion of the ration to cows while they are being 
milked. In loose-housing arrangements, this is frequently the only op- 
portunity provided for individual feeding. Well-designed equipment is 
available for mechanical handling and metering the selected amounts 
for each cow. There are some management problems with this operation. 
High-producing cows often do not have time to eat as much grain as 
needed while they are being milked. In some operations, where limited 
grain is fed, the cow may consume it all before she has been milked 
and become difficult to handle as she searches for more feed. Either situ- 
ation can disrupt the efficiency of the milking operation. There are not 
easy and economical answers to these problems. Operators of some large 
herds provide areas where cows may be fed concentrates individually, 
away from the milking parlor. These have been found quite satisfactory 





FlQura 119 A herringbone milking parlor and ad|acen( milk room 
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where the labor aspects can be handled efficiently. After a short period 
of training, cows adapt readily to milking without being fed grain at 
the same time. 

Pipeline Milking in Stanchion Barns 

Pipeline milking systems, which conduct the milk from cows milked 
in stanchions directly to cooling and storage, are frequently used. They 
greatly reduce the carrying of miik when bucket-tj'pe milkers are used. 
In this system, milk is usually moved under vacuum. The system is satis- 
factory when the line is constructed so that there is a minimum of agita- 
tion which may lead to the development of undesirable “oxidized” 
flavors in the milk. The development of techniques for cleaning pipe- 
lines in place, with dismantling only at infrequent intervals, has greatly 
aided in their acceptance. In areas where they are acceptable to the 
health authorities, “dumping station” pipelines are well adapted. In this 
system, milk is moved from a portable dumping station behind the cows, 
through a flexible plastic pipeline to cooling and storage tanks. 

Milk Houses 

Space must be provided for the cooling and storage of milk on the 
farm, and a work area is needed for the cleaning and storage of milking 
equipment. Locating these facilities close to the milking area is impor- 
tant to maintain labor efliciency. Regulations provided by health authori- 
ties usually are quite specific in regard to location, drainage, building 
materials, and other details of milk houses. The regulations should be 
consulted in all cases before construction or remodeling is undertaken. 
Figures 11.8, 11.9, and 11.10 show sample layouts of milk houses which 
may be modified to conform to regulations existing in most areas. 
Bulk tanks for cooling and storage are included in these designs, since 
there is a rapid trend toward their use. On farms where cans are used 
for cooling and storage, appropriate changes should be made in the 
layout of the milk house to allow efficient handling of the cans. 

General Considerations in Locating and Developing Housing 
for Dairy Cattle 

Several factors should be reviewed before construction or remodeling 
of dairy cattle housing is undertaken. 

Proper drainage at the site of construction is important. It must be 
able to accommodate surface water, and also the large volume of water 
used in the cleaning and sanitation of modem installations. In areas 
where sewage lines or other ready-disposal systems are not available, 
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the use of ‘lagoons” or ponds, where waste water is stored while bac- 
teria ferment the organic material present, should be considered. 

Ready access by a road adequate to handle heavy-bulk tank trucks 
and other trucks bringing in supplies on all the days of the year is es- 
sential. 

Any design of dairy cattle housing should be adapted to easy expan- 
sion in case there is need for a larger herd. Present trends are strongly 
in this direction, and they will probably continue. Using buildings 
which may be adapted to other enterprises with a minimum of cost is 
good planning. Rapidly changing conditions in agriculture make it im- 
portant for an operation to keep opportunities open for different 
businesses. 

There must be adequate facilities for the efficient removal and dis- 
posal of manure. This becomes an increasing problem as herd size in- 
creases and there may not be suitable land available to spread the 
manure the entire year. In some areas, manure is dried, sacked, and 
sold for home garden use. 

Outward appearance of facilities used for dairy-cattle housing is a 
major consideration. Neat, clean buildings and grounds, designed to 
leave a pleasing impression to all observers, are important. A desirable 
impression on the general public is important in presenting the dairy in- 
dustry to them. Greater pride of accomplishment, better morale, and a 
more efficient operation are the result of neat and pleasant surroundings. 

Storage for Feed and Bedding 

In most areas, storage facilities are needed for forages during at least 
part of the year. The most efficient facilities for this vary with the local 
climate and the length of the storage period, the type of forage to be 
stored, and regulations in effect in the local market regarding feeding 
and feed storage Total storage requirements depend on the feeding 
program followed. A cow eating 35 pounds of hay per day will con- 
sume just over one-half ton of hay every 30 days. Silage may replace 
hay at the rate of three poimds of silage to one pound of hay. The fol- 
lowing is approximately the space required to store common forages 
and bedding: 

Baled hay, 200 cu. ft. per ton; chopped hay, 250 cu. ft. per ton; silage 
(horizontal silo), 50 cu. ft. per ton, (upright silo), 40 cu. ft. per ton; 
baled straw, 250 cu. ft. per ton. Sawdust and baled shavings require 
approximately the same space as baled straw. Loose shavings require 
more space. 

In loose housing, forages should be stored as closely as possible to 
the feed racks. Examples of efficient storage and feeding arrangements 
are shown in Figure 11.4. A number of schemes for automatic handling 
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or self-feeding of silage are included in Figure 11-5. With the use of 
any of these systems, a large herd of cows can be fed in just a few 
minutes each day. 

Bedding should be stored close to the resting area in loose housing. It 
is an excellent practice to store it at one end or along the back wall of 
the bedded area, where it is readily available as needed. 

Storage of feed and bedding for use in stanchion bams is usually 
handled somewhat differently, ^\'he^eve^ possible, storing hay and 
beddmg above the cows makes possible feeding with a minimum of 
handling. If this cannot be done, the hay bam and bedding storage 
should be located as close to the bam as possible. Storing all supplies 
near the center of the bam reduces the travel required to reach all the 
animals. Upright silos are ideally located as shown in Figure 11.1. Silo 
unloaders in upright silos are eflBcient for larger herds, e%'en if the 
silage is moved in band carls after removal from the silo. The size of 
the herd in which sflo unloaders are practical depends upon the relative 
cost of labor and the depreciation, interest, and operating cost of the 
machine. A recent study using local prices reported a breakeven point 
on herds of 80 cows. 

Storage of Concentrates 

Modem equipment makes the handling of grain in bulk the method 
of choice on most dairy farms. Many milking parlors have been designed 
with overhead bins for storage of concentrates, which are fed in the 
parlor below'. An alternative to this storage is a metal tank outside the 
milking parlor as shown in Figures 11.8 and 11.9. The cost of the tank 
is usually less than that of constructing bins m'er the milking parlor. 
Maintaming free flow of grain from a metal tank is frequently easier 
than from overhead bins. 

For stanchion bams the metal bin also has advantages, although an 
overhead wooden bin may be satisfactory, since a single large opening 
may be used to get the gram out, and maintaining flow may not be a 
serious problem. 
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and the gutter require bedding. The bedding should be gone over daily, 
fresh material added at the front, and soiled bedding pushed into the 
gutter. Requirements for bedding vary greatly with the individual man- 
agement situation, particularly with the amount of time the cows spend 
in the barn. A general figure for bedding needs is one ton per cow per 
year. Loose-housing arrangements require up to 50 per cent more bed- 
ding than stanchion bams. Provision must be made for bedding for 
calves and heifers also. Sufficient amounts should be allowed to keep 
them clean and dry. Requirements per animal wll vary with size. 

Exercise for Dairy Cattle 

Just how much exercise is important or necessary for dairy cattle is 
not known. In many instances, cows have been kept confined for long 
periods with little or no apparent harmful eflfect. However, it is reason- 
able to assume that some activity is beneficial and certainly not harmful 
to cows. Outdoor exercise with exposure to sunlight is important in 
providing supplies of Vitamin D. 

Exercise for the herd is not a problem in loose-housing situations. 
Where cows are kept in stanchions, it is highly recommended that they 
be turned into a lot at least once and preferably twice daily. The easier 
detection of heat is a major benefit from this practice. Those animals 
subject to lameness and stiffness may also be benefited by having an 
opportunity to move about part of the day. Cleaning of the bam and 
adding bedding is much easier with the cows away. 

Lots where cattle are turned out should be well drained and free 
from objects likely to cause foot injury. Foot rot is much better con- 
trolled when cattle do not stand in mud. Deep mud can be a significant 
factor in inducing mastitis in susceptible udders. In fact, cows should 
be fenced out of mud holes in pastures for these reasons. A good gravel 
or paved surface is essential for satisfactory lots and walkways. 


FURTHER READING 


Cleaver, Thayer, H. J. Thompson, and R. C. Yeck, Stall Barns for Dairy Cat- 
tle, U.S.D.A. Agriculture Information Bulletin 123, 1954. 

Clea\'er, Thayer, and R. C. Yeck, Loose Housing for Dairy Cattle, U.S.D.A. 
Agriculture Information Bulletin 98, 1953. 

Heizer, E. E., A Summary of Studies Comparing Stanchion and Loose Hous- 
ing Dams," Journal of Dairy Science, 36:281, 1953. 

Mmley, W. R., and E. \V. Culvahouse, “Open Shed and Portable Pens Versus 
Conventional Housing for Young Dairy Calves ” Journal of Dairy Science 
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or self-feeding of silage are included in Figure 11.5. With the use of 
any of these systems, a large herd of cows can be fed in just a few 
minutes each day. 

Bedding should be stored close to the resting area in loose housing. It 
is an excellent practice to store it at one end or along the back wall of 
the bedded area, where it is readily available as needed. 

Storage of feed and bedding for use in stanchion bams is usually 
handled somewhat differently. Wherever possible, storing hay and 
bedding above the cows makes possible feeding with a minimum of 
handling. If this cannot be done, the hay bam and bedding storage 
should be located as close to the bam as possible. Storing all supplies 
near the center of the bam reduces the travel required to reach all the 
animals. Upright silos are ideally located as shown in Figure 11.1. Silo 
unloaders in upright silos are efficient for larger herds, even if the 
silage is moved in hand carts after removal from the silo The size of 
the herd in which silo unloaders are practical depends upon the relative 
cost of labor and the depreciation, interest, and operating cost of the 
machine. A recent study using local prices reported a breakeven point 
on herds of 80 cows. 

Steroge of Concentrotes 

Modem equipment makes the handling of gram m bulk the method 
of choice on most dairy farms. Many milking parlors have been designed 
^vitb overhead bins for storage of concentrates, which are fed in the 
parlor below. An alternative to this storage is a metal tank outside the 
milking parlor as shown in Figures 118 and 11.9. The cost of the tank 
is usually less than that of constructing bms over the milking parlor. 
Maintaining free flow of grain from a metal tank is frequently easier 
than from overhead bins. 

For stanchion bams the metal bin also has advantages, although an 
overhead wooden bin may be satisfactory, since a single large opening 
may be used to get the gram out, and maintaining flow may not be a 
serious problem. 

Bedding for Dairy Cattle 

Appropriate cleanlmess and sanitation for dairy cattle require that 
clean bedding be provided in any area where they he down and in the 
gutter in a stanchion bam. A source of sufficient bedding is often a 
major problem in a dairy enterprise Usually low-grade or waste ma- 
terials are used Straw, sawdust, shavings, and peanut bulls are common 
bedding materials. Other substances may be used where they are locally 
available. In a stanchion bam, the entire platform where the cows stand 
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and the gutter require bedding. The bedding should be gone over daily, 
fresh material added at the front, and soiled bedding pushed into the 
gutter. Requirements for bedding vary greatly with the individual man- 
agement situation, particularly with the amount of time the cows spend 
in the bam. A general figure for bedding needs is one ton per cow per 
year. Loose-housing arrangements require up to 50 per cent more bed- 
ding than stanchion bams. Provision must be made for bedding for 
calves and heifers also. SufBcient amounts should be allowed to keep 
them clean and dry. Requirements per animal will vary with size. 

Exercise for Dairy Cattle 

Just how much exercise is important or necessary for dairy cattle is 
not known. In many instances, cows have been kept confined for long 
periods with little or no apparent harmful effect. However, it is reason- 
able to assume that some activity is beneficial and certainly not harmful 
to cows. Outdoor exercise with exposure to sunlight is important in 
providing supplies of Vitamin D. 

Exercise for the herd is not a problem in loose-housing situations. 
Where cows are kept in stanchions, it is highly recommended that they 
he turned into a lot at least once and preferably twice daily. The easier 
detection of heat is a major benefit from this practice. Those animals 
subject to lameness and stiffness may also be benefited by having an 
opportunity to move about part of the day. Cleaning of the bam and 
adding bedding is much easier with the cows away. 

Lots where cattle ore turned out should be well drained and free 
from objects likely to cause foot injury. Foot rot is much better con- 
trolled when cattle do not stand in mud. Deep mud can be a significant 
factor in inducing mastitis in susceptible udders. In fact, cows should 
be fenced out of mud holes in pastures for these reasons. A good gravel 
or paved surface is essential for satisfactory lots and walkways. 

FURTHER READING 

Cleaver, Thayer, H. J. Thompson, and R C. Yeck, Stall Barns for Dairy Cat’ 
tic, U.S.D.A. Agriculture Information Bulletin 123, 1934. 

Clearer, Tlwyer, and R. C. Yeck, Loose Housing for Dairy Cattle, U.S D.A. 
Agriculture Information Bulletin 98, 1953. 

Hei?cr, E. E , A Summary of Studies Comparing Sltanchion and Loose Hous- 
ing Bams,** Journal of Dairy Science, 30.281, 1933. 

Mtulcy, \V. R , and E. W. Cuh'ahousc, “Open Shod and Portable Pens Versus 
Comcntion.-il Housing for Young Dairy C.alvcs.'* Journal of Dairy Science 
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The Pasi-ebs-eel B^smess 


CLOSELY allied to the milk producing industry, the raising of pure 
bred dairy cattle offers challenging opportunities and reN%ards which 
are found in few other enterprises Leadership in the production aspects 
of dairying is also found to a large extent among the purebred breeders 
Purebred dairy cattle may be defined as those whose ancestors can 
all be traced back to the foundabon anunals of the breed- This means 
that, to be accurately classed as a purebred, an animal must be regis 
tered or eligible for registry Most animals ^v^th a registered sire and 
dam are eligible for registry, the only exception being a few which do 
not meet color specificabons or odier standards established by the 
breed associations 

PURPOSES OF THE PUREBRED INDUSTRY 

Most purebred breeders define their objecbves as attemplmg to im 
prove the quality of cattle, providing br^ing stock for other herds 
and fulfilling a sense of personal sabsfachon and accomplishment for 
the breeder 

Records for Purebreds 

The accomplishment of these objecbves is dependent on a system of 
complete and authentic records These fall m three categones idenb 
fication and regisbalion records records of milk producbon, and records 
of type classificabon 

Identificatton and registry The major recording task handled by the 
breed associahons is the idenbficabon of the animal and its ancestry 
These records are mibated by the applicahon for registry of the >oung 
animal by its owner The name and number of the sire and dam, and 
breedmg date, birth date, and identifying information on the calf, are 
requued In cases where the calf is the result of artificial insemination 
by a technician of a semen-distributing organizabon a copy of the breed 
mg certificate signed b> the authorized technician, must accompany 
the apphcabon for registry The applicant also suggests a name for the 
^Oung anim al- 
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The owner, or breeder, as appropriate, must certify the accuracy of 
all information on the application for registry. The methods employed 
by the registry associations to assure accuracy have resulted in their 
records being regarded as highly reliable. Severe punitive action is 
taken by the associations against individuals proved to have knowingly 
violated their registry regulations. 

Following receipt, checking, and recording of the application for 
registry, a number is assigned to the animal, and approval is given to 
the name if it is within the requirements of the association. A certificate 
of registry is issued to the owner carrying complete information on the 
identification of the animal and its name and number. 

Records of milk and fat production. The breed associations grant to 
breeders which qualify the privilege of measuring and recording the 
milk and fat production of registered cattle. Records made under the 
breed programs are certified as “official,” and may be used in advertising 
and promoting cattle. However, their greatest value lies in careful use 
by the breeder in selecting those cows which have the ability for high 
production and, even more important, have the ability to pass it to 
their offspring. 

More information on the details of obtaining production information 
is covered in Chapter 7, The use of these records in selection and culling 
is discussed in Chapter 9. The accuracy maintained in production rec* 
ords is equal to that required for identification and registry. 

Herd Improvement Registry is an important activity of all the breed 
associations. Dairy Herd Improvement Registry is being used to an in- 
creasing degree, and appears likely to become the most important pro- 
gram in the future. Advanced Registry testing is of minor importance 
with all of the breeds. 

Tijpe^lasstficaiion records. Each of the breed associations has estab- 
lished standards of body conformation considered ideal for the breed. 
Details of these standards, and the obtaining of information on in- 
dividual animals, are considered in Chapter 8. Each of the associations 
also provides a program of classification and recording for the benefit 
of breeders. Records are certified as representing the actual type of the 
animal on the date observed, since accidents or age may change the 
characteristics. Classification records are used as a basis for selection 
of breeding stock as well as for promotion of individual animals and 
herds. 

Improvement of Quality of Purebred Cattle 

Tlie conscientious purebred breeder is not merely a propagator of 
registered cattle. He makes a diligent effort to improve the qiialitj* of 
each succeeding generation of his cattle. Establishment of goals, and 



208 


The Purebred Business 


the intelligent utilization of all the records available to him are essen 
tial to accomplish improvement Not only must outstanding animals be 
recognized and used for breeding but rigid culling must be practiced 
where it is necessary, to remove ammals exhibiting poor merit 
Supplying seed stock to other herds Once outstanding cattle are 
developed they maVe their greatest contributions by servmg as founda 
tion breeding animals Many purebred herds through the use of sound 
improvement practices have developed a reputation for cattle of high 
merit Operators of commercial herds look to these herds as sources 
of inheritance to improve the usefulness of their 0%%^ cattle The use of 
purebred cattle to supply seed stock for commercial herds is the greatest 
source of the strength of the purebred business 


HISTORY ANO DEVELOPMSNT OF PUREBRED BREEDS 

The ancestry of all the important dairy breeds m this country can be 
trared back to cattle ongmating m Europe the Bntisb Isles and the 
islands lying between them These cattle were developed from the 
early domestication of wild cattle m the area and as a result of con 
siderable intermingling of cattle as different cultures and peoples m 
turn dommated various areas 

Two wild forms of cattle are credited with providing the ancestry of 
modern European breeds They are Bos primtgenius and Bos hngifrons 
Bos prtmlgenius was apparently common to Europe parts of Asia, and 
northern Afnca It \vzs a large cow wnth a height of sw feet or more 
Long boms were a characteristic of the Bos pnmtgenius Wild repre- 
sentatives of this group may have survived in Europe as late as the 
seventeenth century The Boj longifrons was a smaller animal svith 
short boms It also was widely distributed in Europe and was known 
in the British Isles in Roman times Two other groups of cattle identified 
ID early Europe are Bos frontosus and Bos hrachycephalus These may 
also have played a part in the early ancestry of modem cattle 

An present European breeds fall in the generic category of Bos fypicus 
The> are differentiated from the Bos tndtcus, which mcludes the modem 
humped cattle of India 

Isolation of groups of people m fairly small areas led to varying de 
grees of close breeding and fixation of the characteristics of the breeds 
as we know them today Climatic conditions and available feed as well 
as the standards establuhed by the people mvolved determined which 
individuals survived ^Vhlle the background of present breeds goes back 
for centuries it is only dunng the last fevv hundred years that some have 
been kept as the bre^ known today 
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Individual Breeds 

The desired physical characteristics of the major breeds are presented 
in Chapter 8; other details are given below. 

Ayrshire breed. This breed takes its name from the country of Ayr 
in southwest Scotland, where it was developed. It is believed to have 
ancestry in both the Bos primigenius and Bos longifrons cattle. It ap- 
parently is the result of crossings involving Friesian cattle from Europe, 
animals from the Channel Islands, and Teeswater cattle of Scotland. 
The Ayrshire is a relatively nervous breed and is known for its hardiness 
and good grazing ability, developed under the rugged terrain and 
climate of Scotland. 

The Unified Score Card indicates the following breed characteristics: 

“Strong and robust, showing constitution and vigor, symmetry, style and 
balance throughout, and characterized by sUongly attached, evenly balanced, 
well-shaped udder. 

Color— Light to deep cherry red, mahogany, brown, or a combination of 
any of these colors with white, or white alone; distinctive red and white mark- 
ings preferred, black or brindle objectionable. 

Size— A mature cow in milk shotdd weigh at least 1,200 pounds. 

Homs— Inclining upward, defined, medium length and tapered toward tips. 
No discrimination for absence of horns.” 

The milk of the Ayrshire breed averages 4.0 per cent fat and 12.7 per 
cent total solids. Ayrshires produce a white milk \vith relatively small 
fat particles. Average production of Ayrshires on herd testing for 1960 
was 10,808 M, 446 F, 305d 2x M.E. A representative high-producing 
Ayrshire cow is pictured in Figure 12.1. 

Records for the Ayrshire breed in the United States are kept by the 
Ayrshire Breeder’s Association, organized in 1875. It has its headquarters 
at Brandon, Vermont. Production testing, herd classification, and pro- 
motion and recognition programs for outstanding animals are all carried 
out by the Association. The Ayrshire Digest is published monthly by 
the Ayrshire Breeder's Association. Details of specific programs are 
available from the Association. Registration during 1960 totaled 16,831 
animals. There were 4,034 animals classified in 1960. 

Broicn Stoiss breed. This is the oldest of the present breeds. Records, 
and relics which have been found in ruins left by the Swiss Lake 
Dwellers, indicate its presence previous to the start of our present 
calendar. The Bos longifrons was apparently the principal ancestor of 
the Brown Swiss. In its native home, in Switzerland, this breed served 
as a source of milk, meat, and labor. It developed in a rugged moun- 
tainous country, which fact accounts for its extremely strong constitu- 
tion and hardiness. 
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Figure 12 1 An eufttandmg Aynhire cow. Pork Agr Fortune i40781 (S< overage of 
three Isetotioru 19^93M, 592F, 2s 305d M. E, Classified excellent Courtesy Aynhtre 
Breeder's AssoCfOtion 


The follo^vuig breed characteristics are listed on the Unified Score 
card 

“Strong and vigorous, but not coarse Size and ruggedness with qualitj 
desired Extreme refinement undesirable 

Color— Solid brown s-arying from \ery Lght to dark. ^Vhlte or off-color spots 
objectionable Females with any white or off-color markings above the un 
derside of the belly, or with white core tn switch, do not meet color stand 
ards of the Brown Swtss breed and shall be so designated when registered 
Pink noses and light streaks up the side of the face objectionable 

See— The mmimum weight for mature cows should be about 1,400 pounds 
i/oms-lncuxvang and mclmmg slightl> up Of medium length, lackmg 
coarseness, tapenng toward tips PoDed animals not barred from registry \o 
discnmmation for absence of horns 

Calves are usuall> nearl) white at birth and become darker with age. 
Calves are large, weighing 90 or more pounds at birth. They are ex- 
cellent for veal produebon. Brown Swiss cows rank among the best of 
the dairy breeds for beef produebon Figure 12.2 presents a picture of 
a hi^ produemg Brown Swiss cow of excellent t>'pe 



Figure 12 2 An outstanding Brown Swiss cow Lees Hill Keepers Roven 171673 at 
one time holder of the world s butterfat production record 34 850M 1579 3 F 365d 3x 
Class fed excellent Courtesy Brown Swiss Cattle Breeder s Association 

In the United States the breed has developed from a relatively small 
base with not quite 200 animals making up the total importation Se 
lection has been for increased refinement and dairy character as com- 
pared to the Brown Swiss found in Switzerland Milk of the Brown Swiss 
averages about 4 0 fat and 13 0 per cent total solids 
Records for the Brown Swiss are kept by the Brown Swiss Cattle 
Breeders’ Association, Beloit, Wisconsin The Association publishes a 
montlily magazine The Broion Suiiss BitUettn Record of Production 
(AR), Herd Improvement Registry and Dairy Herd Improvement Regis- 
try are testing programs conducted by the association Average produc 
tion of mature cows on Herd Test m 1960 was 10 854 pounds of milk 
and 438 pounds of fat, 2x 

A total of 23 949 new registration certificates were issued in 1960 
One thousand seven hundred seventeen animals were classified during 
that year 

For a short period the Bro^vn Swiss Herd Book was opened to the 
fourth generation descendants of animals showing typical breed char- 
acteristics and meeting high standards for type and production Only a 
few animals were registered m this program 

The Cuemscij breed This breed was developed on and named from, 
one of the islands between France and England in the English Chan 
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nel Guernsey is a small island, where the prmapal industry is raising 
truclv and greenhouse crops Cattle are believed to have been brought 
to the island from Normandy and Bnttany m France The first Herd 
Book was established on the Island m 1879 Cattle from the islands of 
Sark and Hem nearby are also registered m the Herd Book. In 1824, 
laws were enacted which prohibited bringing cattle to the Island ex- 
cept for immediate slaughter 

The Unified Score Card carries the following breed characteristics 
for Guernseys 

“Size and strength with quality and character desired 
Color— A shade of fawn wth white markings clearly defined Skin should 
show golden yellow pigmentation When other points are equal, a clear (buff) 
muzzle wll 1« favored o\er a smoky or black muzzle 

Size— A mature cow m milk should weigh at least 1,100 pounds “In imlk” 
means normal condition after having been in milk from 3 to 6 months 
Homs— No discnmination for absence of horns " 

Milk from the Guernsey is noted for its high fat content, yellow color, 
and large fat globules Average composition is about 4 98 per cent fat 
and 145 per cent total solids Average production on herd test m 1960 
was 9,246 pounds milk and 449 pounds fat 2x ME 

Bos longifrons provided the major ancestry of the Guernsey breed 
Numerous importations have been made to tbs country, since there are 
no disease conditions on the islands wbch make it necessary to restrict 
them 

Calves of the Guernsey breed weigh about 75 pounds at birth and 
require careful attention m early hfe Cows and calves of this breed are 
of moderate value as producers of beef and veal 

Hecords for the Guernsey breed m this country are mamtamed by the 
American Guernsey Cattle Club, with headquarters m Peterborough, 
New Hampshire It was organized in 1877 Registrations m 1960 
amounted to 4,382 males and 58,509 females Classifications mvolved 
16,139 animals 

Recognition programs include Gold Star Guernsey Sire, Gold Star 
Guernsey Dam, and Gold Star Breeder awards Outstanding production 
is also recognized by the publicizing of “class leaders,” the ten animals 
having the bghest production in their age groups 

Production testmg programs sponsored by the Breed Assoaahon in- 
dude AR, HIR and DHIR. Production and classification information 
and some show %vinnings are published m the Performance Register 
The Guernsey Breeders Jourrud is published twice monthly by the 
Assoaabon at Peterborough Figure 12J5 contams a picture of an out- 
standing Guernsey cow 

The Breed Association has recognized the bgh fat and solids content 
of Guernsey milk as well as its yellow color by copynghtmg the name 
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Figure 12.3. An outstanding Guernsey cow, lush Acres Hermes' Quest T431732. Averoge 
production for her first four loctotionss 15,205M, 919F. Highest classificotion In the 
Guernsey breed, excellent (95). Courtesy American Guernsey Cattle Club. 


“Golden Guernsey” for Guernsey milk produced and processed accord- 
ing to its specifications, Guemz Gold and Guernsey Royal are also trade- 
marks of this organization. Excellent promotional work has been done 
with these products, resulting in premium markets for producers in 
some areas. 

The HolsieW’Friesian breed. The Holstein-Friesian breed originated 
in Holland, particularly in the provinces of North Holland and West 
Friesland. Bos primigenius is thought to be its principal ancestor. 
Luxuriant grazing is available in Holland, and the Holstein-Friesian 
breed was developed to make use of it. Typically the breed exhibits an 
even and amiable temperament. Characteristics of the Holstein breed, 
listed on the Unified Score Card are as follows: 

“Rugged, feminine qualities in an alert cow possessing Holstein size and 
vigor. 

Color— Black and white markings clearly defined. Color markings that bar 
registry are solid black, solid white, bla^ in switch, black belly, black en- 
circling leg touching hoof he.ad, black from hoof to knee or hock, black and 
white intermixed to give color other than distinct black and white. 

S« 2 C— A mature cow in milk should weigh at least 1,500 pounds. 

Horns— No discrimination for absence of horns.” 
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Calves of this breed are large and rugged, averaging about 90 pounds 
at birth Reasonably good fleshing and white color of fat place the 
Holstein among the better producers of dairy beef and veal 
Milk of the Holstem Fnesian breed averages about 3 6 per cent m 
fat and 125 per cent total solids Ccnvs on herd test averaged 13,613 
pounds milk and 503 pounds fat (2^ 305 day ME ) in 1960 An out- 
standing cow of this breed is pictured m Figure 12 4 




Figure 12^ An oulstonding cow of the HoUteio Fr esion breed Prineei* Breeiewood 
R A Potsy 382 6059 holder of the vrorld* record for butterfot production 36 821M 
1 866F 365d 2x Com f ed Good PIw» Courtesy The Hohte n-Fnes on Assocofion of 
Americo 

The Holstem Fnesian Association of America ivith headquarters at 
Brattleboro, Vermont, is the Registry Association of the breed. It was 
organized in 1885 by the mergesr of two earlier associations 
The usual testmg programs are made available by the Association 
Official production records as well as herd lactation averages are pub 
hshed in the Type and Production leer Book. 

Herd classification involved the inspection of 55 906 animals in 1960 
Recognition programs of the Holstem Fnesian Association include 
Progressive Breeders Registry, Gold Medal Dams, Silver Medal Type 
and Silver Medal Production for sires, and Gold Medal Sires Details of 
these programs are available from flie Association 
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Registration in 1960 totaled 23,983 males and 241,878 females. 

The Hoisfein-Fricsian World Is the news organ of the breed, but is 
published by an independent organization, The Holstein-Friesian World, 
Inc., at Lacona, New York. 

The Jersey breed. The history of the Jersey breed is similar to that of 
the Guernsey, to which it is closely related. The Island of Jersey is about 
22 miles southeast of Guernsey. It is believed that the cattle which pro- 
duced the Jersey also came from the provinces of Brittany and Nor- 
mandy. Bos longifrons provided the early ancestry. Cattle were re- 
stricted from importation except for slaughter starting in 1789. This has 
allowed a considerable period for developing a uniform breed. 

The Unified Score Card carries the following characteristics for the 
Jersey Breed: 

“Sharpness with strength indicating productive efficiency. 

Color— A shade of fawn, \vith or without white markings. 

Size— A mature cow in milk should weigh about 1,000 pounds, 
ffoms— Incurving, refined, medium length and tapering toward tips. No 
discrimination for absence of horns.” 

Milk from the Jersey is the highest in fat percentage of any of the 
breeds, averaging about 5,3 per cent Total solids average about 14.9 
per cent. It is yellow in color. Animals on herd test in 1960 averaged 
8,889 pounds milk and 471 pounds fat 2x ME. 

Calves average about 55 to 60 pounds at birth and require careful 
attention during early life. Intensive selection for dairy characteristics 
has resulted in an animal producing minimum amounts of beef and 
veal. Figure 12.5 presents an outstanding Jersey cow. 

Records for the Jersey breed are maintained by the American Jersey 
Cattle Club, 1521 E. Broad Street, Columbus 5, Ohio, 

Herd classification involved the inspection of some 48,435 animals in 
1960. New registrations totaled 55,997 animals. Testing programs avail- 
able to breeders include Registry of Merit (AR), HIR, and DHIR. 
Recognition programs for outstanding animals include a series of cer- 
tificates issued for high production. Special designations are given to 
bulls based upon production and type classification ratings of their 
daughters, and for unproven young bulls based upon the performance 
of their ancestors. Constructive breeder certificates are awarded to 
herd owners whose herds meet certain standards. Two special awards 
are given annually: The Master Breeders Award and the Distinguished 
Service Award. Production and classification information is published 
in the Jersey Performance Register. 

A promotion program, All-Jersey, is conducted by the Association 
under a separate organization, All-Jersey, Inc. It is a promotion of a 
special market for milk and dairy products from the Jersey, based on 
the high nutritive content of the milk. In some areas the program has 
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Fgure 12J An euhtandng Jersey cow Morlv Milady E ght loctations overage 
I8 62SM 673f Class fied exeellenf Courtesy The Amereon Jersey Cattle Club 


been quite successful m promoting milk and increasing the demand 
for Jersey cattle 

A bi monthly magazine The Jersey Journal is the official news organ 
of the Assoaabon 

The Pure Bred Dairy Cattle Association (PDCA) 

This organization is made up of representatives of the five major 
dairy breeds It has performed many useful services m bnnging uni 
formity mto the activities of the mdmdual associations Programs and 
policies m regard to breed shows and sales are discussed and reviewed 
A statement of approved practices and procedures for sales has been 
developed by the group Activities of the PDCA m the areas of produc 
bon testing type-evaluabon and artifiaal inseminabon have been cov 
ered m the chapters on those subjects The address of this organization 
IS Peterborough New Hampshire 

Dual Purpose Breeds 

Jfilfang Shorthorn breed Milkmg Shorthorns are considered a dual 
purpose breed kept for the producbon of both meat and milk. In size 
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the milking Shorthorn is comparable to the Holstein. Its color may be 
solid red, solid white, red with white spots, or roan. 

The Shorthorn breed originated in northwestern England, from cattle 
probably brought in by the numerous invaders over several centuries. 
Originally, they were Imown as Durhams, from one of the counties in 
the area. These cattle participated heavily in the work of early English 
breeders. Many of the early advances in developing cattle for both 
milk and beef production were with Durhams. Milk of the Shorthorns 
averages 4.0 per cent in fat. Considerable variation in the milk-producing 
ability exists in the breed because of selection for the dual characteristics. 



Figure 12 6. The true lype Milking Shorthorn cow. Courtety The American Milking 
Shorthorn Society. 


Increasing emphasis Is being placed on milk production within the 
Shorthorn breed. A picture of Uic True Type Milking Shorthorn is pre- 
sented in Figure 126. Figure 12.7 presents an outstanding cow of the 
breed. 

Records for the breed are kept by the American Milking Shorthorn 
Society, 313 S. Clenstonc, Springfield, Missouri. Tlie ^^ilUng Shorthorn 
Journal is published by the breed association. 



218 


The Purebred Business 



Rgure 127 An evtstondng Milking Shorthorn cow, Fon Foiry leu Four loctotions 
overoge 12,631M, 4S2F Courtesy The Ameneon Miliung Shorthorn Society 


Minor Breeds 

There are a number of breeds of cattle kept for millc production 
which are confined to local areas m the United States or are maintained 
in small numbers Among these are the Red Polled and Red Danes 
The Red Polled is a dual purpose breed, originating m eastern England. 
In the United States they are found m the Midwest and Southwest 
Bemg a dual purpose breed, they exhibit good beef qualities and con- 
siderable vanabflity m milk production As imphed by the name, cattle 
of this breed are red m color and have no horns 
The recordmg association is the Red Polled Cattle Club of America, 
3275 Holdrege Street Lincoln 3, Nebraska. 

The Red Dane is the predonunaDt breed m Denmark. In the United 
States It is found prmcipally in the North Central part of the country. 
The cattle are solid red, and produce milk of about 4 0 per cent fat 
Red Danes m the Umted States are the result of imported bulls crossed 
on other dairy breeds The Amencan Red Danish Cattle Association is 
the registry organization and has its headquarters at Marlette, Michigan 
There are many other breeds found in Europe and the British Isles 
kept for milk or beef purposes Most of them are not present m the 
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United States in significant numbers. Space does not permit describing 
them here. 

Merchandising Purebred Dairy CaUle 

Success in merchandising purebred dairy cattle is based upon the 
same principles which apply to any other industry, that is, maintaining 
a high-quality product, properly presented to potential consumers for 
their consideration and purchase. 

The importance of quality and dependability of performance in pure- 
bred dairy cattle cannot be overemphasized. Methods of evaluating pro- 
ducing ability and type in cattle and techniques of improving them are 
discussed elsewhere in this book. 

Once top performance and quality are achieved, potential buyers must 
be made aware of its existence. A number of avenues are open to tlie 
breeders of purebred cattle. These include participation in breed sales 
and breed shows, advertising in breed and trade publications, and direct 
and local advertising. 

Full participation in breed programs for evaluating production and 
type is essential. In addition, information obtained from the Dairy Herd 
Improvement Program is also helpful. 

Advertising in breed and trade journais. Breed publications are read 
by nearly all people with an active interest in a given breed and those 
with a broad interest in dairy cattle. Clear-cut, well-designed advertise- 
ments based on accurate information in these journals constitute one of 
the best ways to present cattle to the public. In addition, there are a 
number of trade publications read by commercial dairymen where ad- 
vertising can be beneficial. 

Development of a trademark. Just as each breed has its identifying 
signs, a similar identification is needed for successful promotion by in- 
diWdual breeders. Selection of a striking farm prefix and including it in 
the name of all cattle is important. Of course only top-quality animals 
and sound, reliable practices must be associated xWth the trademark. 

Partictpathn in shows and sales. The show ring is designed to acquaint 
breeders and the public with the standards for type within a breed and 
to present cattle which approach these standards to the public. With 
the strong market existing for good it is important for the breeder 
who has developed animals of good typo to participate in tliese ac- 
thilics. There is probably no better way of obtaining publicity for a 
herd. The breeder may enter this field by exhibiting at local shows and 
field days. As the type of his cattle improves and he gains experience 
in show-ring toclmiquc. x\hich is n highly skilled art, he can progress 
to larger shows. Figure 12 8 shous the line-up** of a class of superior 
animals at a national .sliow. 
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Figure 12 8. The Ayrshire futurity ela» of I960 Courtesy The Ayrshire Breeder's 
AisociotSon. 


Breed Sates 

In most areas the local breed associations sponsor sales of selected 
cattle consigned from vanous herds. These sales provide an opportunity 
for buyers to re\ie%v large numbers of cattle, and frequently many are 
attracted to such a sale. Presenhng outstanding cattle to the public 
through such a medium is an excellent practice. Breed sales should not 
be used to cull off the bottom of the herd. In fact, if a breeder is to 
maintain a good reputation over a penod of years, no animals should be 
sold for dairy purposes which are not good enough to remain in the 
breeder’s herd. In purchasing and trading animals, pricing should be on 
a reabstic basis in relation to the ment of the individual. Much harm 
can be done to the purebred business by bu>ing and selling of cattle 
among breeders at unrealistic prices. 

Sales Practices and Procedures, by the P.D CA., sets forth a standard 
of operation for breed sales. Most breed sales are conducted according 
to this standard. Those interested in purebred sales can learn what to 
expect from them by revie\^’ing this publication, which is listed at the 
end of the chapter. 

Cheesing a Breed 

The ne\s comer to the purebred business frequently has a problem in 
choosing the breed best suited to his needs. Factors that should be 
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considered in making this decision are the market for milk, purebred 
breeds common in the area, breeds of interest to commercial dairymen 
in the neighborhood, and the personal interest of the breeder. 

There are advantages to choosing the breed which predominates in 
an area, since it already has proved to be well adapted and accepted 
there. Opportunities to participate in co-operative promotional and 
selling programs are apt to he greater. 

The importance of a breed or breeds being preferred by commercial 
dairymen is frequently overlooked Tlie greatest strength of the pure- 
bred business lies in supplying stock to commercial producers, since they 
make up by far the largest percentage of the dairy business. Outstand- 
ing purebred herds may find their best market in other purebred herds, 
hut the broad market base rests with the commercial dairyman. 

Enthusiasm for a particular breed may he an overriding factor in se- 
lection. However, one should recognize the importance of economic and 
marketing factors. 

While milk may constitute the less important part of business in some 
outstanding purebred herds, it is a major factor in many. This is cer- 
tainly true for the beginning breeder who may need to depend on milk 
sales for a number of years while becoming established. For these 
reasons, the demands of the local milk market should be considered in 
any selection of a breed of purebred dairy' cattle 

FURTHER READING 

The American Cwemsey Cattle Club, The Stonj of 20 Centuries A Brief His- 
tory of the Guernsey Breed of Dairy Cattle Peterborough, New Hamp- 
shire; The American Guernsey Cattle Club 

The Purebred Dairy Cattle Association, Sales Practices and Procedures, Peter- 
borough, New Hampshire. Published by the Association, 1959 

Spearing, Jack, Fitting end Shotting Dairy Cattle, Ames, Iowa: Iowa State 
College Press. 1952 
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(SommeircSeaE 

ESnSk PirocSEncEBQEt 


SUCCESS in the production of milk is dependent upon a high quality 
product efficient management of the herd sound busmess management 
and an adequate market Each of these is discussed m this section 


PRODUCING HIGH-QUAUTY MllK 

High quality milk is the natural product of a healthy mammary gland 
uncontaminated %vith excessive bactena off Savors dirt or medications 
The most important requu’ement for high quality milk is complete clean 
liness and sanitation throughout the operation Cleanliness starts with the 
cow Udders flanks thighs and tails should be cbpped and tnmmed 
to remo\e excess hair which traps dirt Adequate bedding supplies and 
manure removal are essential Washmg the udder and teats and use of 
a strip cup are important practices in producmg clean milk 

Care and Cleaning of Equipment 

Equipment used in handling milk and for milking is a frequent source 
of bactenal contamination The milking machine should be completely 
broken down and thoroughly cleaned following each milking Good 
cleaning practices involve the following immediately after milking 
nnse the milker with cool or slightly warm water (Hot water used at 
this time tends to cause milk to stick on the surfaces ) This nnsmg is 
best done by dousing the teat cups in a bucket of water so that a mix 
ture of air and water provide some scrubbing action in the machine 
Rmse water must not enter and contaminate the milk supply All surfaces 
should then be cleaned by scrubbing with a suitable brush and a solu 
tion of a good dairy cleanser and hot water Final nnsmg should be with 
hot water at stenlizing temperature Milker buckets and parts should 
be stored completely dry and whee they will be free from dust and 
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other sources of contamination. Just before each milking, the machine 
and other equipment should be rinsed with a standard chlorine or other 
sanitizing solution. 

Inflations and rubber parts. Special care is necessary for rubber parts 
of milkers. Because of the parous nature of rubber, milk fat accumulates 
in tiny cracks and serves as a source of bacterial contamination, as well 
as weakening and shortening the life of the inflations of the teat cups 
and the tubing. Inflations and tubing should be cleaned as described 
above. In addition, they should be boiled weekly in a solution of lye to 
remove accumulated fat. Use of t\vo sets of inflations in alternate weeks 
is an excellent practice. The set not in use should be stored in a cool, 
dry place after boiling in a lye solution. 

Pipelines through which milk flows may be taken do\vn for cleaning 
or cleaned in place, according to manufacturers instructions, depending 
upon their design. Bulk tanks should be cleaned in the same manner as 
milking machine parts, immediately after the milk is picked up. The 
tank should be rinsed with a suitable sanitizer such as a standard chlorine 
solution before milk is put in after each cleaning. Cans for the shipping 
of milk are usually cleaned at the plant; however they also should be 
sanitized by rinsing before being filled with milk. 

A frequently neglected source of contamination is the vacuum line. 
Condensation or accidental drawing*over of milk results in liquid in 
the line which may drain into the milk supply. A regular flushing with 
a strong lye solution, followed by careful draining, \vill not only main- 
tain good sanitation but assure efficient mechanical operation. Weekly 
treatment is recommended. 

Extreme care should be followed in all cleaning and sanitizing opera- 
tions that water is not allowed to enter the milk supply and adulterate it. 

Bacterial Standards for Milk 

Bacterial standards for milk arc established by the local health author- 
ity in most areas. There is considerable variation in these from place to 
place. Some areas require that milk contain not over lOO.iXX) bacteria 
per ml. on deliver)’, and the temperature of the milk be not above 45 
to 50° F. Tlie United States Public Health Service has published sug- 
gested uniform regulations of not over 200,000 bacteria per ml. on de- 
liver)’ and a maximum temperature of 50® F. 

Immcdiofc cooling. Since some bacteria are present in practically all 
milk, action to retard their growih is necessary. Cooling milk as rapidly 
as possible to 50® F or below is a Tccommonded practice. Most com- 
mercial cooling apparatus, cither tanks or can coolers, are designed to 
do this. However, const.ant checking is essential to assure that tho>‘ are 
hmetinning properly. 
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Odors and Flavors in Milk 

Milk IS subject to undesirable odors and flavors from a number of 
sources Any of them are objectionable and reduce the flavor quality 
of milk Control of feed flavors is discussed in Chapter 2 Generally, 
keeping the cow from exposure to these flavors for four hours pnor to 
milking %vill control them 

Oxidative changes in the fat of milk can result in very objectionable 
flavors, mcluding chalky, cardboard, stale, and fishy or oily flavors 
Cows m late lactation may produce milk more suscepbble to these 
changes The milk of some individual cows may also be a problem Agita- 
tion of the milk to an excessive dep-ee or alternate warming and cooling 
of milk tend to stimulate oxidative flavors Adequate control of coohng 
the milk, and the elimination of risers m pipelines or other sources of 
agitation, help to elimmate flavors due to oxidabon 

Preventing Contamination of Milk 

Milk may be contaminated by dirt, diseases of the udder, medicabons 
given the cow, or chemicals used m feed producbon or processing Pro- 
cedures for keeping dirt out of milk and the importance of domg so are 
self-evident Milk from cows with masbbs should not be sold for human 
consumption, and most health regulabons require that cows with 
mastitis be removed from the milking string 

The Federal Food and Drug Admmistrabon and several state health 
departments have ruled that milk offered for human consumpbon shall 
contam no residues from antibiohcs or other medicabons used on cows 
Likewise, chemicals used for herbicides and pesticides on or near am 
mals or forages must not appear in milk. Feed addibves which may 
appear as a residue in milk are not allowed \Vben medications which 
may appear m milk are used on milkmg cows, milk must be withheld 
from sale for the time prescribed on the label Only approved fly central, 
grub control, or internal parasite conbol measures may be used on 
lactabng cows Forages or grams treated with chemicals which appear 
in tmik should not be fed lactabng cows 

EFFICIENT MANAGEMENT OF THE DAIRY HERD 

Many of the details important to efficient management are covered 
m the seebons on feeding, reproduebon, diseases, selecbon, housmg, and 
other subjects Obtainmg ophnium producbon from dairy cattle re- 
quires the attention of experienced management There is no subsbtute 
for knowledge of individual cow response to management pracbces 
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Modem procedures, involving automation wherever possible, are neces- 
sary for economical operation. However, because of the variation be- 
tween dairy cows, some individual observation and treatment are es- 
sential. 

Establishing Optimum Herd Size 

One of the most difficult problems in the management of a milJc- 
producing business is determining the size of herd which is most 
efficient. There are a number of factors which are related to any de- 
cision on herd size. They include the degree of management and super- 
vision available, labor, physical facilities, production level in the herd, 
type and size of market, and capital available. Only after evaluation of 
each of these factors can a satisfactory decision be made. 

Monagcment. The importance of management capacity available to 
a herd is frequently overlooked. Management of the business aspects of 
the operation, as well as caring for the cattle, is important. Most con- 
templated changes in herd size are in the direction of enlargement. 
Frequently the man who does a satisfactory fob with a relatively small 
herd finds it difficult to handle a larger herd equally well. Management 
problems are increased in larger herds, as reflected by the fact that 
average production rates of individual cows tend to decrease as the 
numbers in a herd become greater. 

There are, of course, many instances where the management ability 
available is sufficient to handle a much larger herd than is currently 
present. A realistic evaluation of management needs should be made for 
every dairy operation and appropriate action taken to assure the pres- 
ence of adequate ability. 

Physical facilities. Buildings and equipment available are frequently 
the chief factor in establishing herd size. Poor sanitation and poor feed- 
ing and milking procedures frequently result from keeping more cows 
than housing is designed for. On the other hand, using housing facilities 
at a rate much below capacity makes the interest and depreciation 
charges for each cow excessively high. Labor and all the other factors 
involved frequently adjust to the housing available. 

This can lead to inefficiencies in operation which may be more costly 
than making adjustments in housing. Because of the high original cost 
of housing and difficulties involved In remodeling, changes are made 
only at infrequent intervals. It is important, in establishing a dairy en- 
terprise, that buildings be as flexible and adaptable as possible, to allow 
for adfustments in herd size or tisc for other enterprises. 

Labor-saving devices and equipment for the mechanical handling of 
materials used in the dairy enterprise are becoming increasingly im- 
portant. Using these machines is really an exchange of capital investment 
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and expense for the use of labor Since the cost of purchase and mam 
tenance and operation of much equipment is high careful evaluation 
should be made of the size of the herd necessary to support it eco- 
nomically One of the pressures behmd the present trend toward larger 
herds is the need to make more effiaent use of labor saving equipment 
Labor Labor costs are becoming an mcreasingly important factor m 
the milk produemg industry as well as m tlie production of most other 
commodities Efficient management of labor is essential to successful 
dairy production The continuous requirement for attention of dairy 
cows makes the problem of labor management especially complicated 
Adherence to a five day work week and usual hohdays, which is becom 
ing inaeasmgly frequent, requires that approximately three men be 
emplojed for csery two men at work each day 
Standards of labor efficiency in daiiymg are difficult to establish be 
cause of the varjing conditions beh^een areas and farms However, it 
appears that a man working full hme in dair>Tng should care for a 
minimum of 40 cows In espeaall> well organized operations he may 
be able to care for 60 coi^s l^Tien prmision is made for days off and 
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so forth, the cows per man employed will be somewhat lower. The 
quality of labor is important in dairying. More is to be lost than saved 
by the use of unreliable or poorly skilled labor merely because it is 
cheap. 

When increases in the size of a herd are contemplated, it may be well 
to plan in terms of labor units. Changing to a herd of such a size that 
the labor available cannot adequately care for the animals can make 
the operation quite inefBcient, especially if an additional man is not 
fully occupied. 

Production level. Frequently, when it is desirable to increase milk pro- 
duction, the first thought is to add more cows to the herd. This may not 
be the most desirable procedure unless the production level of the pres- 
ent herd is reasonably high. Frequently, increasing average produc- 
tion per cow will increase income much more rapidly than merely 
adding more cows. A herd of 30 cows with an average annual produc- 
tion of 12,000 pounds of milk, or an annual total of 360,000 pounds, 
is to be preferred to one of 40 cows, of the same breed, with an average 
annual production of 9,000 pounds for the same total. 

The average production rate at which it may be more profitable to 
add more cows varies with the local situation. Production should be 
above the average for the type of herd involved, and the average cow 
certainly should be paying all expenses of production and returning 
some profit. A system for calculating costs of production and profit is 
presented in the next section. 

Average annual production of cows in herds on D.H.I.A. testing is 
above 10,000 pounds of milk and 400 pounds of fat. Certainly a herd 
should be producing at this rate or higher before expansion is con- 
sidered in most areas. At the upper level, increasing average annual 
production above 13,500 pounds of four per cent milk or its equivalent 
requires rather intensive management activity for a commercial opera- 
tion. 

Market, Herd expansion will not be profitable unless the additional 
milk can be sold at a satisfactory price. The factors ^v}lich are of im- 
portance in tl){s regard are discussed in Chapter 14. 

Business Management of the Dolry Herd 

The application of sound business principles to a dairy operation is 
equally as important as proper handling of the animals. The greatest 
dericicnc>' in the operation of many dair>' herds is failure to recognize 
the sovirces of all the costs involved and to properly evaluate them. Fully 
half of the existing dairy' production enterprises do not pay their costs 
of operation and provide a reasonable return on investment, labor, and 
management. Careful cv'aluation of the finanaal aspects of lire dairy 
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enterprise is particularly important because of tlic long-term nature of 
the business and the relative difBculty in making sudden adjustments. 

It is not possible to provide accurate cost and return figures for dairy 
operations in various areas because of the tremendous variations which 
exist. The following model may serve as a basis for calculating the cost 
of production on a given cow or herd situation by substituting local 
values. It is set up on the basis of separating the dairy operation from 
any feed raising enterprise on the farm. Investment in land (except for 
buildings and lots) is not included. Charges arc made for all feed 
consumed. 

The breakeven point for profitable production under the conditions 
of the model is at just over 9,000 pounds of four per cent milk. Obviously, 
many dairy herds operate at lower levels of average production. If pro- 
duction costs are reduced from those shown in the model, this can be 
sound business. In other circumstances, while they may provide a 
reasonable living for the operator, a sacrifice Is being taken in labor 
income, interest on investment, or depreciation. While this situation can 
be tolerated for short periods, no good business can operate on this 
basis over several years. 

It is interesting to note how rapidly management income or profit 
increases after production levels rise above the breakeven point. Analy- 
sis of records of actual milk production enterprises indicates this Is 
the usual case. 

No attempt has been made m the model to account for the costs that 
more intensive management, required to raise production, would entail. 
Undoubtedly labor and other costs ^v^ll increase However, the rise in 
costs can be expected to be much less than the increase in profits. 

The purebred breeder who uses this type of model for evaluating his 
business will need to modify it in terms of the investment in individual 
cows, the value of calves, and income from selling breeding stock. The 
inclusion of these items makes the attainment of high production levels 
equally as critical in the purebred herd as m the commercial one, since 
tVie sale value of pmebred cattle is based to a high degree on proved 
producing ability. 

Miscellaneous Management Consideration 

There are several miscellaneous items which frequently call for de- 
cisions by the management of a dairy herd. A few of these are discussed 
in this section. 

A sound market for milk. The major characteristics of milk marketing 
ate discussed in Chapter 14. IVhen deciding on a location for a dairy 
operation, the type of market available becomes extremely important 
A difference of a few cents in the price per 100 pounds of milk has a 
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Model <or Calculding Annual Costs and Returns on a Per Cow 
Basis in a Dairy Operation 


Investment Required for: ^ 350.00 

Cow: . 450.00 

Buildings, housing, feeding, milking: 200.00 

Equipment: $1,000.00 

Total investment 


Interest on investment @ 5%: , 

Depreciation on cow, based upon 3 5 years m e 
herd, $150.00 salvage value: 

Depreciation on building; 30 year life: 

Depreciation on equipment; 10 year life: 

Taxes on cow, buildings and equipment: 

Insurance on cow, buildings and equipment: 


Veterinary fees and medications: 

Breeding fee; 

Labor for care of cow and milking: 

Bedding, one ton per year: ^ « ex 

Feed to maintain a 1,200 pound cow @ 2.5? per 


pound of T.D.N.s 
Feed to produce one calf per year ( 


1 2.5? per pound 


of T.D.N.: 


Total cost of maintaining a cow and producing a 
calf: 


$ 50.00 

57.00 

15.00 

20.00 

25.00 

3.00 

8.00 
6.00 

80.00 

20.00 

80.00 

11.00 


375.00 


Feed cost to produce 6,000 pounds of milk at 
2.5? per pound T.D.N.: 

Total annual cost to keep a cow producing 6,000 
pounds of 4% milk: ... 

Cost of feed to produce 9,000 pounds of A% muK 
at 2 5? per pound of T.D.N.: 

Total annual cost of keeping a cow producing 9,000 
pounds of 42 milk: 

Cost of feed to produce 12,000 pounds of 42 milk 
at 2.5? per pound of T.D.N.: 

Total annual cost of keeping a cow producing 1,200 
pounds of 42 milk: ... 

Cost of feetl to produce 15,000 pounds of 42 muk 
at 2.5? per pound of T.D.N.: 

Tot.il annual cost of keeping a cow producing 15,000 
pounds of 42 milk: 


48.00 


78.00 • 


110.00 • 


145.00* 


423.00 


453.00 


485.00 


620.00 


• I-cJ Itmmt h« .1 hlshcr r.t« of prodoction to ocooont 

for any Imi In feed rfTldmO'. 
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Projected Annual Profit and Cos! of Production for a 
Cow Producing at Varying levels 


Item 

Income 

Cost of 
Production 

Difference 

(Profit) 

6,000 pounds 4% milk 

9 calf annually 

Milk @47^ per pound 
Total income 

$ 20 00 

282 00 

302 00 

$423 00 

$-(121 00) 

9,000 pounds 4% milk 

9 calf annually 

Milk @ 4 70 per pound 
Total income 

20 00 

423 00 

443 00 

453 00 

-( 10 00) 

12,000 pounds 4% milk*’ 

9 calf annually 

Milk @4 70 per pound 
Total income 

20 00 
5&t00 

584 00 

485 00 

09 00 

15,000 pounds 4% milk 

9 calf annually 

Milk @ 4 70 per pound 
Total income 

30 00* 
70500 
735 00 

520 00 

215 00 


No income i* listed for manure since the labor and costs for handling frequently 
equal its value It should be given credit where it has a value 
e Calves from herds at this level of production frequently bring premium pnecs 

dramatic effect on profits flowever, equally important is the stability of 
the market Price wars and sudden changes in the supply of milk can be 
extremely damaging to producers The market should have sound and 
expandable outlets for classes II and III, or surplus, milk, so that 
moderate increases in milk supplies do not severely depress pnees 
locally Careful study and evaluation of local markets and logical ad- 
justments to them are essential for a successful milk produang business 
Protjfding forage for the dairy herd in nimmer. One of the strong 
pomts of the dairy cow in our economy has been her ability to convert 
large amounts of forage into niilk Harvesting much of that forage her- 
self m the form of pasture, she has provided an extremely economical 
production system With the need for more intensive management of 
both the cow and the land, several points must be considered carefully 
in decidmg how forage is to be supplied durmg the summer months 
Crops which grow on most permanent pasture are frequently best 
harvested by grazing However, these pasture forages usually grmv 
poorly or not at all durmg the hot weather of midsummer Supplemental 
feed IS necessary m the form of other forages or concentrates 
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Annual grasses such as sudangrass or millets 
supply forage in summer. Improved pastures have 
fertility and management practices and the use of 
specie! When more luxuriant growth is obtained, there 
^stage in grazing from trampling and selective eating. As much as 25 
to 30 per cent of a pasture crop may be lost in this manner. 


Figure 13.2. Grazing on improved posture is on Americon 

forage to the dairy herd during the forage growing season. y 

Jersey Cottle Club. 

Intensive grazing. Many management procedures have been 
to eliminate this waste by more intensive grazing. Rotational gFa“"g’ 
in which the pasture is divided into a number of lots and each on 
grazed for one to several days while the other lots recover FOfn S ’ 
is one method. This not only reduces wastage to some extent biit. even 
more important, it provides fresh rapidly growing feed a longer 

period. Even with this grazing system, in much of the county e p 
program requires summer annuals to assure forage in mi^ __ 

A more intensive grazing system, called strip grazing, is a 
ticed. This consists of allowing the cattle access to only as much ot 
pasture crop as they Nvill clean up in a day, and putting them m a ne\ 
area each day. Tlie labor and fencing requirement for such a practice 
is high, although electric fencing can usually be used to goou advan- 




desirable method of 

F..e ,33 0^,.. ,.=1,n3 =< -H d.ry cperoHon. Cou«,sy 

providing roughage during the Assoclolion of America 

The Holstein Friesian 

fnraEe program ^vould increase 
1 ^hp■ summer lorage piv'b 

An accurate analysis of tn 

efficiency on many dairy farms actual production an 

VroducUon cud feed t .mpo.tant "'““Semen^ funC' 

consumption in a herd is on With feed from seve t 

tas. a.d one frequently neglected easy to Veep ocourate 

hay. sdage. pasture, and gram, it rs ^ records are d.s 

records continuously Systems for proviC g 
cussed in Chapter 7 

Cow Pools 

.n interesting develeprnem In - -fSi'S 

t:»::Lron^ct9 .d «n.r - 

a system of charges is ’"e from the herd m excess of 

of *e herd The owner f herd oivners m tins program 

these charges The greatest advantage to 
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tage. There is considerably less wastage although there may be damage 
to the crop owing to trampling on moist soil. This system also requires 
a variety of pasture crops if roughage needs are to be met throughout 
the season by grazing. 

Green chopping or zero grazing. Chopping forage material in the field 
once or Uvice daily and hauling it to cows for dry-lot feeding has been 
practiced by many dairymen. This procedure has the advantages of 
doing away wjth fencing and with moving the cows to and from pasture. 
Feed requirements for maintenance are reduced when cows do not 
have the work of walking and grazing Shade and water can be provided 
easily. 

Zero grazing also creates some problems. Weather and soil conditions 
frequently make it extremely difficult to provide forage each day. 
Machinery must be kept in operating condition all the time. Much labor 
is involved in providing green chop, and the labor must be continuously 
available. Keeping a forage crop in the right stage of maturity for each 
day’s harvest is difficult. These problems have caused many dairymen 
to decide against green chopping as the method of supplying forage 
to their herds. 

Preserced forage. In areas where dairy operations are extremely in- 
tensive, no attempt is made to supply fresh forage. Cows are maintained 
on harvested forage throughout the summer as well as winter months. 
In some areas, this allows the operation of dairy units in population 
centers several miles from where forage is grown. It also works well on 
farms where high crop yields in terms of animal product can be ob- 
tained at a cheaper unit cost than by harvesting by grazing or green 
chop. 

Choosing the best summer forage program. Dairy cattle have demon- 
strated that they can perform well under any of the programs discussed 
here, providing their nutritive requirements are supplied. The decision, 
therefore, is not what is best for the cow nearly as much as what are 
the economies involved In determining which practice or combination 
of practices to follow, the dairyman should carefully budget the cost* 
of land, labor, fencing, establishing crop stands, and so forth, againsl 
the expected yield of nutrients (energy especially) from each practice 
The effect on other operating costs should also be considered. For ex- 
ample, a harv’esting s>'stem costing slightly more per unit but yielding 
considerably more units may be the most economical if it removes the 
need for providmg nutrients from other sources, which may be a sig- 
nificant added expense. 

^Vhere large amounts of land are adapted to pasture but unsuited tc 
harvested crops, grazing to the extent allms'ed by this land is the logical 
answer. 
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reach maturity. Irt this system, the idei^tity of the heue 

and the milking herd owner has more ® inheritance of 

introducing as replacements. This applies both to the inherit 
the heifers and their health and disease background. 


ORIGINATING A MILK PRODUCING BUSINESS 

Traditionally, the operator of a 

has been one who obtained a large equity Vniinn has been most 

buildings, and equipment. Owner-operate ^ establishments 

common. Increased capital „kte suiBcient 

make it difficult for the average individual the 

capital for total ownership. ft f^^the da^ business. In 

well-qualified individual to establish him capital the person 

addition to concentrating on the ® j j biowledge and experi- 

interested in such a career needs a great dea _„.i,etinB aspects of 
ence. He must be well-trained in the business “d m^ketmg aspec 
the industry as well as in the techniques of an i f . Jj-g cattle 
Demon^ation of management ability and an ^t^Jplete 

from working with an established herd and “ f .■°"J°f„dSal. 
honesty and integrity will create financial structure 

Once a satisfactory reputation is established. Presentation of a 

for the proposed dairy operation should be deve op • „ result in 

realistic plL to bankers or other credit 'Ty Ae 

adequate loans to qualified individuals. Of course, 
individual will be necessary. . of the 

Establishing a dairy business in ®he desirable, 

herd is emphasized and most of the feed pure ase reauired for 

If a major portion of feed is purchased, the mves , ,£ 

land and machinery is much less, frequently on y 
needed when all feed is produced on to raise 

Traditionally, most operators of dairy farms av pypellent prac- 
as much of the feed for the herd as possible This is an ^ 

tice in many operations. A careful look should be a e joing an 

However, managing a dairy herd for efficient pro uc . 
adequate job of feed raising, both require a hig g .Cgse areas 
training and management skills. Concentration on 
can be a full time job and may provide greater return than working 

Until recently, feeds, particularly forages of satisfact^ traiSicutation 
been relatively unavailable in some regions, Buving 

systems have to a considerable degree eliminated I is s: 
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occurs when an improvement in marlcct from Grade B to Grade A is 
achieved. An opportunity is also provided for the owner of a small herd 
to tahe advantage of some of the efficiencies of a large operation, in 
terms of use of equipment and the purchase of supplies in volume. 

After the initial advantages of better marlcct and volume purchases 
are achieved, investment in a dairy herd in a cow pool becomes a matter 
of choice between it and all of the other investment opportunities open 
to the owner of capital. As a result, ownership of cows in a cow pool 
tends to include a wide range of people, other than dairymen, who are 
interested in a good investment opportunity. 

Operation of a cow pool provides one way of establishing a milk 
producing business using investment capital from a number of herd 
owners. 

The need for top management and sound Bnancial structure is of par* 
ticular importance in the operation of a cow pool. To be successful, 
production must be maintained at a level which will pay the fixed 
charges and provide a suitable return to the owner of the cows, or the 
herd owners will soon lose interest. 

Calves from a cow pool are usually raised by the herd owners, or by 
other farmers who make a business of raising them on contract or by 
direct purchase of the calves and sale of heifers at freshening. 

Railing Heifers os a Business 


With the advent of more intensive management of milking herds and 
the milking of large numbers of cattle in one operation, many herd 
managers find themselves fully occupied without the problem of raising 
replacements. The need for large numbers of good-quality replacements 
remains just as critical in these herds This situation has resulted in an 
opportunity to develop a business of raising herd replacements. 

The principles of management and feeding are the same as for cattle 
raised within the herd. The profit available from such a venture depends 
upon the costs involved and the market value of heifers at freshening 
time. While there are considerable variations in the market value of 
cattle in different years and seasons within years, the market value of 
heifers ready to freshen averages r«narkably close to the sum of the 
value of the calf at birth and the costs involved in raising her to calving 
age. This means that the person with feed, labor, and buildings for 
which he is seeking a market or use can frequently find a good one 
in raising dairy heifers. 

In some instances, heifers are raised on the basis of contract bet\veen 
the parties involved. In other cases, the person raising the heifers pur- 
chases them as calves from the owner of the milking herd. The herd 
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IN our present economy, the marketing smcLm milk 

handled to a large extent by special! . markets and the 

producer must understand the charac opportunities 

factors affecting them if he is to take M'/^vantage of the opp 

avaUahle to him. In addition, tnany producers find themse^^ 

as members or directors in marketing ’ Marketing dairy 

siderable influence in marketing policy an ’ ym college 

products is a complex and detailed sub)ec "'“"I “,„,ed here. 

Lrse. A summary of some of the factors involved is present 

FOOD PRODUCTS FROM MIIK 

The characteristics of milk and its products have ion 

conditions under which they find a mar -e . which influence 

includes the unique properties of the severa ^ 

marketing procedures either at wholesale, re ai , 

Fluid Milk 


Fluid milk on the farm is a highly pens . -phe use of bulk 
Tioved to the place where it is to be processe q possible time be- 
tanks for storing milk on the farm has l^g ^ maxi- 

fore milk must be delivered to a plant. ’ j x a relatively 

mum storage time in most areas. Milk is ^ ^ . transport over long 

low value per unit weight. This transportation adds 

distances. The necessity for keeping milk pceed within 200 to 300 

to the costs. For these reasons, most milk is proc shorter dis- 

miles of where it is produced. Much of it is moved 

tances for processing. , c ^ tn the processor re- 

TIt?c rrsiW- oc it TTioves from the farm to P „,_nar 


tances for processing. , r jq the processor re- 

This applies to milk as it moves from t e * , cream has similar 

gardless of how the processor uses it. Farm-separated cream 
characteristics except that it has a higher unit va i 
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feeds by specific standards can ha\e definite advantages over utilizing 
forage of \ ar> mg quality produced on the average farm 

Financing for feed in this program can be handled on a short time 
working basis rather than as investment capital A w ell managed dairy 
enterprise can be organized and operated on this basis as well as arc 
other businesses in our economy 

Whatever the method used, the young operator should recognize that 
a period of several years is usually required to acquire the experience 
and management abilit> needed to establish a successful dairy enterprise 


FURTHER READING 


U S Public Health Service, Milk Ordinance and Code, Ilcvasion of Public 
Health Bulletin No 220 Washington DC US Government Printing 
Office, 1933 
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Condensed and Evaporated Whole Milk 

These two products are manufactured by removing ® 'l” ^ 

of the water from whole milk in a machine ca e 

process, milk is heated under reduced J^^^Ugrto 

efficient evaporation of the water and a mini addition of large 

the product Condensed milk is further treated I’V atS- 
amounts of sugar. Both of these products are can without 

tion and sale. They have a relatively long s or g different from 

refrigeration. They are marketed under conditions qm 
those that apply to fresh fluid milk. 

Cheese 

Cheese is made by exposing milk to specific of"Sie proteins, 

treatment svith enzymes, or both, to coagulate f^d^eed. 

There are very specific procedures for ^ade up of 

The manufacture of most cheeses utilizes who •’-oTnIs of milk, is a 

water, milk sugar, and some of the proteta “teses fe made 

by-product. Cottage cheese and some other Cream is fre- 

from skim milk, with whey agam being th y P whole- 

quently added to cottage cheese before mark g- Refrigera- 

milk cheeses have a long storage life when prop y special 

tion is required for storing many o reWgera- 

treatment. Cottage cheese and similar type q 
tion and have a relatively short storage life. 

Butter 

Butter is made from cream and as marketed jub- 

cent milk fat. The remainder is water, salt, an similar 

stances. Buttermilk, the by-product of butter ^ handled properly, 
to skim milk in composition and propertie . addition, it 

and refrigerated, butter has a relatively long storag 
has a high unit value. 

Skim Milk 

a* rtf cream has com* 
This product, which results from the separa 5at. Nor- 

position and properties which are the resul utilized in a 

mally, it contains less than 0.1 per cent fat. 

number of ways. ^ the processing 

Dried skim milk powder. Most slam milk 
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The various products which come out of processing plants have wide 
differences in marketing charactenstics, some of which are reflected m 
the price of milk to the producer 

Fluid milk to consumers. Milk packaged for fluid consumption must 
also be deli\ered quickly and kept under refrigeration because of its 
perishable nature Regulations prescribed by local health authonties 
must be adhered to in the produchon of milk for fluid use There are 
also regulations concerning the production of milk specifically for manu- 
factured products, but they are usually less stringent The necessity of 
moving fluid milk rapidly at all points m the distnbution system 
requires that supply be closely tailored to demand Since storage of a 
reserve is not possible, other means must be used to assure that the 
supply will be equal to the demand Adherence to regulations of health 
authonties and keeping a constant adequate flow of milk available have 
resulted m somewhat higher pnces paid to producers of milk used for 
fluid consumption than to those of milk for other purposes Traditionally, 
distributors have operated mostly within cities and nearby suburbs 
There is a growmg tendency lor expansion of the distribution area of 
large processors to include pomts many miles from the processing plant 

Cream 

Cream is made by concentrating the fat portion of milk m skim milk 
This IS accomplished by passing milk through a cream separator. A 
separator is a machine which subjects milk to a high centrifugal force, 
dividing the lighter and heavier fiacUons There are two dehvery spouts 
from a separator Siam milk {the heavy fraction) is dehvered by one, 
and milk fat wth part of the skim milk through the other 

In commerce, cream containing 40 per cent fat is a common product 
Whipping cream contains about 40 per cent fat Coffee or table cream 
contams about 18 to 20 per cent fat "Half and half,” a product of fairly 
recent introduction, contams 12 per cent fat 

Some cream is sold for direct fluid consumption Only hmted amounts 
are used this way It has marketmg characteristics similar to those of 
fluid milk. The major uses of cream are in the manufacture of ice cream 
and butler Cream for these purposes is obtained from separabon of milk 
in processmg plants, or from farm separated cream For the best-quality 
products, cream, because it is peruhable, must be treated as carefully 
as fluid milk Cream for some purposes can be stored for considerable 
periods by methods which include the addibon of sugar and freezmg 
Skim milk is alwa>s a second product from the manufacture of cream 
and will be given further considerahon 
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development of dairy marketing and processing 

«„ «.» 1--. . r “i," 

by direct producer-consumer contact, with npeotiated. This 

volved. Price and conditions of sale were in ivi located close to 

system was satisfactory as long as the dairy ret s demand 

the consumers. However, increasing specia , jling of larger 

for extensive processing, health -gulaUonynd the handling ^ g^ 

volumes, especially in big cities. “Logenization. 

distributors. Pasteurization, complicated packaging, e 

use of many variations of milk, and the necessity for 
pensive equipment, refrigeration, jower ^mpp 
processor-distributor increasingly irnport . plants almost 

the need for highly skilled personnel have made P'^essing P 
the only place where manufactured dairy pro uc s delivery, par- 

Modem distribution methods, increasing cos products with 

ticularly the labor involved, and the “LCreras out- 

longer storage life, have increased the ^ jl^ producer from 

lets in mdk marketing. This has participation 

the consumer. Every indication points to ^ Tnarketing and dis- 
of people with specialized interests and skills in 
tribution of milk. 

Developments in Marketing Fluid Milk 

Producer-distributors of milk still As specializa- 

account for only a small percentage of the ° ‘ ^ distributor to 

tion developed it became the practice for a p plant. This was 

contract for milk from dairy farmers in the area delivered, 

usually purchased on a given price per amount of milk 

There is only slight variation from day to ^ - ■ ^,gen a history 

that the customers of a processor use. However, r)„rma seasons of 
of seasonal variation in milk supplies of pro^ to him. He could 

high supply the processor had several / market, usually in 

cut off part of his producers entirely, he cou impose a partial 

manufactured products, for his extra milk, or ® found a market 

reduction in the milk received from each pro price re- 
fer the extra milk at a lower price, he either ha price low 

duction hack to the producers, or set his origm refused milk 

enough to account for his low-priced sales. i , 5 reduced 

from producers, they had to End another outlet, nearly V 

. c of the problems which 

Tliis is a very simplified presentation of 
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plant The resulting po\N der is sold for; ( 1 ) table use after reconstituting, 
that is, after replacing the water; (2) industrial use in balcing and the 
mass preparation of food, (3) animal feed. Dried sVim milk has a rela- 
tively long storage life and is marketed ac<»rdingly. 

Condensed stim milk. This product is made b>' removing w-atcr from 
sb'm milk in a vacuum pan. It is seldom marketed to individual con- 
sumers. Most of it is used in the manufacture of ice cream and other 
foods. For some of these purposes it may have sugar added. Tin’s product 
is usually used in manufacturing fairly soon after it is made. 


Special Products 


A number of special products are made from milk which usually are 
marketed strictly on a local basis. Buttermilk, yoghurt, sour cream, and 
similar fermented products are included here. They may be important 
in local markets, but have fairly short storage life and are marketed to 
the consumer much Like fluid milk. Considerable amounts of skim milk 
are used in Ae manufacture of cottage dieese. 


Cencentroted MIIkv>Fr«sh, Frexen, or Conned 


There has been considerable research on concentrating mflk by re- 
moving water in such a way that the reconstituted product resembles 
fr»h milk more closely than the present evaporated or condensed mflk. 
An advantage of this type of product lies in much reduced shipping costs. 
As yet these products have not been marketed on anything but a very 
small scale. As more skill dev'elops in the techniques required to make 
good-quality products, and as marketing procedures are dev'eloped, they 
may become a factor in milk marketing. They are designed for uses now 
filled by fluid milk. Some of them, for example frozen or canned con- 
centrate, would be expected to have a longer storage life fresh 
milk. Concentration also gives them a greater unit value, facflitating 
transportation over greater distances. 

Sterile milk. Processes have been developed for the sterilizing and 
canning of whole milk. The purpose is to provide a longer storage life. 
Currently only limited amounts are being processed in this way. Most 
of It IS marketed to the armed forces, and in areas where it is impossible 
to obtain regular fluid milk. 

Indtutrial usee of milk. Fractions of milk are used in some industrial 
applications. Glue, paints, and certain plastics are examples. Cnnent 
uses of mflk for these purposes are small and they are not a major factor 
in market demand. 
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pendent manufacturer f^^^pro^lTonhoicrin'Lst popu^ 

usually is processed into butter and pow e ™anv fluid markets, 

siderable cottage cheese made from su^ us mi ' ^ gajj ggies 

This utilizes skim milk resulting from the cream consum 

“ln“eas of the country, dairying is a HgWyjffiment enterprise 
due to climate, type of land and other fac ors. market 

these locations there are limited populations dairy 

for fluid milk. It is in these areas that the i„ an 

products are made. Depending upon t ® evaporated milk, 

area, milk may be processed into cheese, processing plants are 

or butter and skim milk powder. Co™'" rrianufacturing. 

located in these areas to be near " ^upp y fgj,rpred by local pro- 

Much butter and some cheese has bee f«mipd frequently on 

ducer co-operatives in the Midwest. .11^ There has been 

a communfty basis to provide a " ^rldol ?^^^ develop- 

a trend for several years away from this tj^ P jp^proved trans- 
ment of efBoient machinery of high capacity, processing plants 

portation facilities, has made large centrally located processing 

much more efficient markets for milk. value of fat. Until 

Another change which has occurred is th 
recently, there has been continuous deman increased pro- 
be supplied by our agriculture. Following World War ^y deter- 

duction and use of vegetable fats, and repl-fnent "f 
gents, has changed this picture, butter production had little 

of milk was in the fat, and skim milk from manufacturing plant, 

value. Indeed, where skim milk was produce m animal 

it was practically a waste product or was so 

nt a size and price adapting 
The availability of the cream separator ^ «cfnW{shment of small 
It to individual farms played a large part m e 

co-operaUve butter plants. Skim milk needed to be 

feeding calves and swine and only the hig “ “® and storing 

shipped. As methods have been been greater recogni- 

skiin milk, especially by drying it, and as t s become increas- 

tion of its nutritive value, this fracUon of the milk has oe 

ingly important. „™duced in practically any 

To obtain a satisfactory return on milk p 
area, both the fat and skim milk must now ^ e s • minimum 

practice, methods have been developed^r raising cheaply 

amounts of whole or fresh skim milk. These can be used more 
in most areas than by feeding large amounts o mi 
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created dissatisfaction among producers, and some instability in marlccls 
and available supplies. Marketing co-operatives were formed by pro- 
ducers in many areas following World War I to help solve these prob- 
lems. More discussion will be devoted to them in a folloudng section. 
They were of considerable aid in stabilizing markets, but did not solve 
all problems, and there are some marketing problems which are specific 
to co-operatives. 

Classified pricing was a development which came into prominent use 
during this period. Under classified pricing the distributor pays the pro- 
ducer on the basis of the use of In's milk. Class I, Class 11 and Class III 
and surplus milk are terms frequently used. They are not quality desig- 
nations but apply to the use made of milk. Class I refers to milk sold 
to the consumer for fluid consumption. It sometimes includes fluid 
cream. Class II usually refers to milk used for the manufacturing of 
products bringing fairly high return in the market, for instance, cream 
and ice cream, or it may refer to all milk used for manufacturing. Class 
III refers to milk used for the manufactured products which bring a 
lower return, such as butter, dried milk powder, and so forth. Surplus 
milk refers to milk which is in excess of a specified need defined in each 
market. It is also used to describe milk produced in excess of a *T)ase" 
or producer allotment, which will be more thoroughly discussed later. 
There is considerable variation in the terms used in different markets. 

The terms Grade A and Grade B are frequently encountered in milk 
marketing NVhile there may be some local variations in their use, “Grade 
A" nearly always refers to milk produced under conditions which make 
it acceptable for fluid use in a given market “Grade B" refers to milk 
produced under conditions which do not make it acceptable for fluid use 
in the market. There is a growing tendency in many sectors of the dairy 
industry to%vard the feeling that all milk should be “Grade A,” or ac- 
ceptable for fluid use. 

As a further aid in stabilizing the marketing of fluid milk, state and 
federal legislation has been passed More attention \viU be given the 
operation of milk marketing under this legislation in succeeding sections. 

Developments in Marketing Milk (or Manufacturing Purposes 

In each fluid milk market there is a requirement for facilities to manu- 
facture dairy products. These are necessary to use the milk which is 
surplus to fluid needs. The greatest need is to use up seasonal surpluses. 
However, a stable fluid market requires an average of about 15 per cent 
more milk than is used in an average day, to cover fluctuations in de- 
mand This milk ends up m manufactured products. Each processor in 
a market may have manufacturing facilities, or one or rtvo may handle 
the surplus milk for all of them. A marketing co-operative or inde- 
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1 i. ?c a trend toward more uniformity 

of fluid milk for a given market. There is a trena t . 

in health regulations, which may be expected to make econo 

even mote important in the future. national basis. 

Most manufactured dairy products °Xtion to 

Because of their longer storage life an ig er country where 

fluid milk, they can be transported to any ^ i„ detonining 

there is a demand for them. These facts are „„^cts. 

the methods used for pricing milk and its pro 

Functioning of Fluid Milk Marketing Co-operatives 

Marketing co-operatives have been ^ milk^producers, who 

markets. Membership is usually compo j product 

finance the co-operative by a small brokerage fee on each unU o P 

sold through the co-operative. Policy is by a staff 

rectors elected by and from the members ip* 

employed by the board of directors. j.-ctriBntors on price 

Services of co-operatives include bargaining transporta- 

and conditions of sale for producers’ supplies to 

tion of milk to dealers, taking responsibility aiding producers 

dealers and for disposing of surplus aucers in adapting to 

in conforming to health regulations, aiding P ^ butterfat test 

changes in market demands, and checking on ^ 

of producers’ milk. These may be accomphs e i conditions 

Bargaining with processors and distributors nneratives. tVhere a 
of sale has been one of the greatest services of it is 

high percentage of milk in an arra is con r ” portion of 

in a strong bargaining position. When only there are largo 

the milk in a Irket is controlled by a co-operat^e « “ jingty 

supplies on the fringes of a market, [],cn their position in 

weaker in regard to bargaining. To further J either for 

the market, some co-operatives operate proc g 
manufactured products, fluid milk, or both. co-operatives. 

Dairy marketing co-operatives, ss. Tlicy are limited 

operate under specific legislation passed by h civen market, 

in the extent to which they can operate as a United Stales Justice 

Some of them have been the subject of suit > jq modify 

Department under the anti-trust laws and h^'^ ^ w-hcrc co-opcralivcs 
their procedures. Tliis has happened in other aspects 

have been ncc\jsed of close co-ordination of have been 

of the dair\* business to reduce competition. P • jostlcc Dc- 
ordered to limit their business activities in areas s supply 

partment has accused them of controlling a major 
and distribution of milk. 
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SPECIAL FACTORS INFLUENCING THE MARKETING 
OF MILK AND DAIRY PRODUCTS 

There are a number of characteristics which make the marketing of 
milk and dairy products unique. Some of them are now discussed. 

Position of the Individual Producer In the Market 

The individual producer m a milk market has practically no influence 
on the total supply available for distribution. Even large producers ac- 
count for only a small fraction of the milk available in a given area. In 
addition, it is not possible to stop and start production of milk quickly. 
The perishable nature of milk makes it impossible to stockpile it or to 
withhold it from the market. Current production must be marketed 
within a period of one or two days. These characteristics make the prob- 
lems of marketing milk by the producer different from those of most 
manufacturing industries. Indeed, they are different than those for many 
agricultural products. 

In a situation of a continuous supply of a product which must be 
moved immediately, and no influence on the total supply, the individual 
producer has little bargaining power with processors or distributors 

Differencea Between Fluid Markets and Markets for 
Manufactured Products 

Milk for fluid markets is nearly always more expensive to produce 
than that designed expressly for manufacturing purposes. Compliance 
with regulations established by local health authorities is the major 
cause of the added expense. 

Because of the nature of health regulations, which usually include in- 
spection of all farms shipping to a market by a representative of that 
market, and the costs involved m complying with them, most fluid 
markets are local in nature, There are indications of considerable over- 
lapping of some local fluid roatkets, particularly where large population 
centers are expanding toward each other. This is noticeable along the 
Eastern Seaboard of the United States. In this area, pricing of milk and 
marketing practices are carried out on a local basis, but the level of milk 
supplies in adjacent areas or markets has a very definite affect on prac- 
tices in any given market. 

Techniques and methods are now available which make possible 
the shipment of fresh milk for distances of 1,000 miles or more. As a 
result of this, economic factors are becoming increasingly important, as 
compared to health regulations, in determining the place of production 
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basis, provide a financial incentive for high fall 

prod;Ln in the spring. Base-surplus S. 

paybaclc plans are used. There are many f thll 

under the base-surplus plan the producer is given 

is, the weighted average c£ the prices for all ^ch 

year for the amount of milk shipped during a e 'S'* 
is usually the fall. Milk shipped in excess ^ abun- 

“surplus’^t a reduced price. In some markets where fee^ “ 
dance of milk in relation to Class I needs. « ^ "fa ntvtLm. In 
crease the “base” assigned to a farm or esla is supplies in the 

these instances the base plan is used to limit he total supp 
market as well as to even out the seasonal supp y- amount the 

The withholding-payback plan involves ^^rrJJoney is 

producer is paid for milk shipped during the us p payment for 

Lid in escrow by the co-operative and used "4f/b:7;uducer 
milk to the producer during the season of lovv p u„ats even. The 

who has the same level of production in ho seas fban in 

one who ships more milk during the seamn 0 follows the op- 

Ihe flush perLd increases his income. If his production follow. 

posite trend, he loses money. of it. coupled 

The perishable nature of milk and the daily ^ unique prob- 

with the working habits of our fluctuation in demand 

lems in marketing milk. There is a “e on week-ends, 

hy processors during the week. Most plants do . , r distribution 

'Hms, Thursday is a day of peak demand to pmvi Monday is also a 
on Friday and Saturday to supply week-^d em depending 

day of peak operation, and demand may be gre ,vcek-end. In some 

on whether milk was received at the plant on -.^jners due to a 

markets there may be fluctuation in deman and so forth, 

number of factors, such as movements of people, ‘ Jauirement for 
To maintain a smoothly operating market er . 

about 15 per cent more milk available than is market to manu* 

an average day. However, there must be wpacit> jg par cent 

facturc or sell to other markets considerably more season of 

surplus on days of low demand by processors, an responsibility 

high supply. Marketing co-opcralivcs constant supply- 

for adjusting between this variation in demand market, 

"niis is an extremely important scrx'icc to all conce marketing '’ar>' 

Special problems in mnrkcfing milk. The dctai s o jictivc interest 

pcaily with different areas, and the person x' o * r ti , jf jje is to 
in a local market must study the situation there 
fully understand it. ^ ^ tindcsirable cffe<^ 

J'Were competition between dealers can nax< serious 

on protluccrs. Under conditions of a price svar, ca 
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In reality it is difficult ior a co-opeiative to control the supply of milk 
from mdividual producers. The independent operation of each producer 
is such that either an increase or decrease in price tends to cause him to 
increase production. In times of rising prices, he increases his production 
to take advantage of the better opportunity, in the same manner as any 
other production business would. 

When prices fall seriously, if the dairyman is to maintain his estab- 
lished income he has two alternatives. One is to produce the same 
amount of milk more efficiently, that is, at less cost. The other alternative 
is to expand production and receive the lesser profit on more units There 
are limits to the effectiveness of both practices. Some dairymen use the 
first satisfactonly, but seldom reduce production, so that dairymen who 
use the second system increase the total milk in a market. There is 
usually no decrease in production unless some dairymen leave the 
business. Even then there is only a small decrease since, when a dairy- 
man sells out, most of his coivs are purchased by his neighbors. The 
first alternative, increasing efficiency, frequently takes the form of more 
production per cow. In this instance, even rather large reductions in 
numbers of cows in an area is not accompanied by a decrease in the 
milk supply. This situation Is amply demonstrated by the decline In the 
number of cows In the United States following 1946. From then until 
1059, there was a reduction of the cosv population amounting to 20 per 
cent of the 1946 population. There was an increase in production every 
year until 1959, when it leveled off. 

Payment for milk to producers. Members of a co-operative may re- 
ceive payment for their milk according to several plans. The most com- 
mon is the market pool plan. Under this system, each milk producer 
who is a member of the co-operative receives the same price per pound 
for all his mOk This is the average price received for all of the milk sold 
in the area by the co*operarive, muius the brokerage charge. Dealers are 
usually charged for the mdk according to the use they make of it 

Another payment plan is called the handler pool Here the co-opera- 
tive pays the milk producer according to the use that the processor makes 
of his milk. The proportion of the milk in Class I, II, and III is calculated, 
the appropriate price assigned to them, and a weighted-average price is 
calculated In this system producers ship their mflk to individual 
handlers, who determine their own prices. This is in contrast to the 
market pool plan, m which all producers axe paid at the same rate. 

Seasonal variations in milk production are a serious problem in 
marketing. The natural physiology of the dairy cow is such that, unless 
intensive management is practiced in regard to time of breeding and 
the feeding regimen, there is a large surplus of milk in the spring and 
a shortage of milk in the fall. 

Many co-operatives, in an attempt to level out production on a yearly 
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governmental control oe milk marketing 

There are a number of other “\“arel”ln order to aid 

conditions and endanger the supply o ^ggj^ made avail- 

in solving these problems, govemmen a governments and 

able. ThL tahe hvo forms, those establrsh^ by state gov 
those established by the federal government. 


State Milk Marketing Legislation 

A number of states have established ^°"pi°es These regula- 

ing of milk in attempts to stabilize markets => P^j toth the 

tions have established price control an con conditions. In 

retail and wholesale level, depending upon of years with 

some states, these regulations have ^^s e determined by 

considerable success. However, fiuid-mi • across state lines. Also, 
population concentrations which often ^ interstate com- 

inividual states have very limited con o inadequate to 

merce. For these reasons, state repla , .-uiations have been 

provide stability in many milk markets, 
required in these instances. 

Federal Milk Marketing Orders ^ ^ 

Federal Milk Marketing Orders are "tssed in 1933 arid 

the Secretary of Agriculture under acts o , „ of milk and assist 

1937. They are designed to stabilize t e rna Qjders 

fanners in negotiating with distributors tor , . ^gd marketing area, 
operate by regulating handlers selling m po direct control of 

Prices paid to producers are controlled, " r Administrator ap- 

retail prices. Each order is under the duec m . o staff of ac- 
pointed by the Secretary of Agriculture. pj order, 

countants, auditors and technicians to car^ ,,,,.o„hout the country 
Approximately 80 fluid milk markets scattered throug 
Operate under Federal Milk Marketog ^ er . ^^g jjj the 

The pricing of a major portion of the mi ijg^j hy Federal Milk 
United States is either directly or jjgr mea usually sel^ 

Marketing Orders. The price established m ^ unregulated 

within a few cents per hundredweight, t e p 

dealers in adjacent areas. , . ^^^ffrnnhical area covered 

In general, milk sold at retail ^ outside this area is not. 

by an order is under its direct control, h » ' sales both inside 
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trouble, and they malce every attempt to pass on pnce reductions to the 

producer 

The demand for fluid milk m a given market is quite constant Pnce 
changes of one or two cents per quart result in very slight changes in 
consumpbon Even quite large changes in pnce are not followed by 
marked changes in use Therefore, differences in pnce by dealers in a 
market do not affect total consumption, but may have a marked affect 
on the volume handled by mdividual dealers Competition bet\^een re 
tail stores, particularly when dairy products are used as loss leaders, 
can also have a severe effect on milk markets Smaller dealers and dis 
tnbutors may be senously injured by the availabflity of dairy products 
in stores at pnces equal to or below raw material costs 

Marketing co-operabves have been of great help to producers m 
markets where tough retail pnce competition exists In some areas, pnce 
compehbon among dealers m its many forms has become so senous 
that governmental control of pncmg has been necessary to preserve 
orderly supplies of milk This wiU be discussed more fully in the next 
secbon on gov emmental control of milk marketmg 
Milk markebng coKJperatives have been highly successful in markets 
where a majonty of producers belong to them and in large fluid markets 
where the milk available is not greatly in excess of Class 1 needs 
Marketmg conDperabves have their most senous problems in areas 
where there is a good fluid market but available supplies are greatly in 
excess of fluid needs, and a large spread develops between the Clas* I 
price and the blend pnce Dealers not purchasing through the co- 
operabve can buy milk from non member sources at pnces above the 
blend and sell it for Class I use dieaper than the dealers purchasing 
from the ro-operaUves, and sbU ha\e a greater profit The lower priced 
milk takes some business away from processors buying through the co- 
operative, and Class 1 utflization of co-operative milk drops The blend 
price drops The dealer buymg outside the co-operative drops his pro- 
ducer pnces with the blend pnce Now a cycle of lower pnces for the 
producer is started It is usually stopped only with difficulty An example 
of the situation might be as follows 

Co-operative pnce* Class I $5 60 

Manufactunng Milk 83^ 

Class 1 utflizabon 60% 

Co-operative blend pnce $4 68, less brokerage 

A dealer buying mdependently of the co-operative offers $4^, or 12 
cents abov e the blend, and he also charges no brokerage If he has a 100 
per cent Class I utilization on this milk he has paid 80 cents per 100 
pounds, or 2 cents per quart, less for Class I milk than the dealers pur 
chasing through the co-operative 
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tamers. They do not replace marhetmg services of co- 

establish wholesale prices and do not perform other 

operatives. 
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and outside the area of an order are specifically set out m each order 
A producer living at some distance from an order area selling to a 
handler distributing in the order area is covered by it A producer living 
within an order area but selling milk to a handler distnbutmg entirely 
outside this area is not covered by it 
Records are obtained and authenticated on the amount and utilization 
of milk processed by each regulated handler Procedures are established 
in the order for determining the price of milk utilized for Class I and 
for manufacturing purposes Producers are paid on the basis of pool 
prices as previously described Either market-wide or handler pools may 
be used Under a market-wide pool, producers are paid the uniform or 
blend price by each handler Handlers havmg a high Class I utilization 
pay into the Administrator’s Office the difference between their Class I 
utilization and the blend price Handlers having a low Class I ubhzation 
receive from the Admmistrators Office the difference between the 
blend price and the Class 1 utilization of the handler 

The cost of administration of Federal Milk Marketing Orders is paid 
by an assessment on handlers on each hundredweight of milk processed 
Establishing a Federal Mtlk Marketing Order The Secretary of Agn- 
culture initiates work on establishing a marketing order upon receipt 
of a petition from farmers in the area Proposed provisions of the order 
are usually submitted ivith the petition Public hearings are held where 
anyone interested may express opmions and present facts and informa- 
tion for consideration A “recommended decision and order” is issued 
for consideration of those concerned in the market Any changes deemed 
necessary are made, and a final decision and order are issued This is 
submitted to dairy fanners for their final decision and vote Two thirds 
of the farmers \ oting must approve an order in which pricing is based 
on a maiket-wde pool Three fourths must approve an order based on 
a handler pool Marketing co-operatives may vote for their entire mem- 
bership m a block Thus, the vote of co-operatives is frequently a de- 
cisive factor 

Changing Federal Market Orders. Provisions of marketing orders may 
be changed by amendments following somewhat the same procedure as 
for establishing an order 

Removal of Federal Marketing Orders The provisions of an order may 
be suspended by the Secretary of Agriculture whenever they are found 
to Interfere ivith orderly marketing procedure or to have no influence on 
the market An order must be resanded when the Secretary of Agncul- 
ture determmes that 50 per cent of the dairymen delivering 50 per cent 
of the milk to the market faior its termmaticm 

The existence of Federal Mdk Marketing Orders m most of the major 
markets in the country mdicates their sndespread acceptance by dairy 
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Quesiions and Frohlems 

10. Describe the changes which faclo'rs^ responsible for 

birth to the start of lactation. What are the 

these changes? ydder during a dry 

11. Describe the changes which taVe p a 
period, and up to the °f ® ac ■ 


e Stan ui * 

12. Give the details of a satisfactory .^’^“diusting 

13 What are the factors to be considered in adjusting 

chine for proper operation? nrnduction? 

14. What are the effects of disease on milV P 


, milking ma- 


Chapter 3 

1. Develop a satisfactory ration for a ^ 

ducing 40 pounds of four per cent ™ ingredients for 

2. What are the annual requirements in teri ot 

the above cow, assuming an annua pro 20g 

tour per cent milk, a 60-day dry period, and a 

from the start of lactation? „„npr limits of grain feeding 

3. Discuss the factors which determine the upper iim 

which are practical. „p« 1 p? Which of these must 

4. What nutrients are required by dairy 
be supplied in the diet? 

5. Discuss the functioning of the tumen. ^ cattle? 

B. What factors determine a suitable ration j. j between for- 

7. What are the important differences m characteri 

ages and concentrates? r „ature cattle? 

8. What is the importance of fat in the r , the quality of a 

9. Discuss the factors of importance m e 

forage for dairy cattle. i a feed determined? 

10. How is the Total Digesdble Nutrient ya i Estimated Net 

U. How does Total Digestible Nutrients differ trom 

Energy? . 

12. Define and describe digestible energy. -.nr.- from crude protein 

13. Describe digestible protein. How does i 

14. Describe the parts of the ruminant stomac 

Chapter 4 

1. Describe the functions of the ovaries in 

2. Describe the function of tlie testes m rep time to breed 

3. W’hcn in the reproductive cycle is t e mo 

a cow? Why? , ,of{on and what is the r 

4. What hormones are essential in repro i 
function? 
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Chapter 1 

1 How IS the milk producmg industry distnbuted m the United States? 

2 Discuss the trends in total milk production, average production per 
cow, and numbers of cows m the United Stales during recent years 

3 What are the nutrient contnhulions of milk and dairy products to the 
human diet? 

4 Discuss the use of meat from the dairy industry in our food pattern 

5 Discuss the factors of most importance in the efficient management 
of a milk producmg business 

6 Describe the place of the dairy cow m a situation of rapidly growing 
population and more mtense competition for food between man and 
animals 

7 Ducuss factors which have contnbuted to the development of the 
dairy industry from one of producer-consumer relationship to one 
employing people trained m many specialties 

8 How much radk would be needed by an average adult to meet his 
major nutrient requirements^ What nutnenls would be lacking m an 
all milk diet? 

Chapter 2 

1 ^^^lat is the importance of the hormone oxytocin in milk production^ 

2 Discuss the problem of feed flavors in milk 

3 Describe the difference beti\een true secretion and filtration in the 
formation of rmlk m the udder Whidi constituents of milk are derived 
from each process^ 

4 \Miat are the major differences between colostrum and normal milk’ 

5 How does the lymph system function m milk production’ 

6 Discuss the location and importance of the cuculation of blood in 
milk production 

7 Describe by words or simple diagram the structure m the udder in 
\ohed in the secretion and storage of milk. 

8 Discuss the action of a milking machine in removing milk from the 
udder 

9 Discuss the factors which control the le%el of milk production by indi 
\ndual cows 
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Questions and Problems 

4. What are the management procedures which are helpful in prevent- 
ing disease in the young calf? 

5. Discuss the foctors which must be considered in establishing the cost 
of raising a heifer. 

6. Discuss the advantages and disadvantages of raising a calf using a 
milk replacer and calf starter in comparison with using whole milk. 

7. What is the value of cud inoculaHons for young calves? 

8. Under what circumstances might the raising of calves for veal be a 
profitable enterprise? 

Chapter 7 

1. Why is production testing important in a milk producing enterprise? 

2. What are the major differences between standard DHIA records 
and Owner-Sampler records? 

3. What are the advantages to the herd owner of participating in the 
DHIA program? 

4. To what uses are production records put by the purebred associations? 

5. What information, in addition to milk and fat production, is available 
to the herd owner whose DHIA records are processed by electronic 
machines? 

6. Who are the sponsors of the Co-operative Dairy Herd Improvement 
testing programs? 

7. What group or organization actually superv’ises the conduct of the 
various production testing programs? 

Chapter 8 

1. Who is responsible for the establishment of type standards for pure- 
bred dairy cattle? 

2. Discuss the correlation between dairy cattle type and milk production. 

3. What benefits accrue to individual dairymen and to the industry 
from dairy cattle shows? 

4. ^Vhy is an understanding of the standards of type in dairy cattle im- 
portant to the operator of a dairy herd? 

5. ^Vhat are the advantages of type classification in a purebred herd? 

6. Does a low correlation beUveen type and production indicate that a 
consideration of type is of no value in a commercial dairy herd? Why? 

Chapter 9 

I. I\liy is the selection of the sire or sires to be used in a dairy herd of 
particular importance? 
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5. Describe the organs of the reproductive tract of the cow and indicate 
the functions of each. 

6. Describe the organs of the reproductive tract of the bull and indicate 
the functions of each. 

7. What is a freemartin? 

8. Why is cryptorchidism a serious defect in dairy animals? 

9. Discuss the dysfunctions of the ovary and its parts which cause 
lowered fertility in cattle. 

10. What are the characteristics of the diseases which affect reproduc- 
tion in cattle? 

11. Discuss the influence of nutrition on the reproductive performance of 
dairy cattle. 

12. To what degree is fertility or sterility inherited? 

13. Discuss the factors determining the optimum time to start reproduc- 
tion activity in dairy cattle. 

14. Discuss the techniques involved in delecting heat in dairy cattle. 

15. Describe the care which should be given the cow at the time of 
calving. 

16. What are the important management procedures to be considered 
in maintaining a high reproduction efficiency m a dairy herd? 

Chapter 5 

1. Outline the reasons for the growth in the use of artificial insemination 
of dairy cattle in the United States 

2. Describe briefly how bull semen is evaluated for use in artiflcial in- 
semination 

3. ^Vhat are the functions and characteristics of a good semen diluter? 

4. How are accurate records of parentage maintained in the artificial 
insemination of dairy cattle? 

5 Describe the usual technique used in the artificial insemination of a 
dairy cow. 

6. Vrtiaft are the conditions under which semen is transported and stored 
for use in artificial insemination of cattle? 


Chapter 6 

1. Outline a feeding program for a heifer calf from birth to six months 
of age, giving the daily allowances of each feed ingredient. 

2. Discuss the use of forages for feeding heifers from six months to 
calving age 

3. tMiat are the benefits of including antibiotics in the diet of young 
calves? 
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7 What are the important procedures in controlling or preventing para- 

milk is sold, for diseases or parasites? 

Chapter 11 

1. What are the principal needs or requirements upon which the d gn 

of housing for dairy cattle should be base stanchion bams 

2. What are the differences between loose housing and stanclnon 

for dairy cows? handline silage and con- 

3. mat mechanical devices are available for handling B 

centrales fed to dairy cattle? well-designed milking 

4. mat are the advantages of milking cows in 

parlor as compared with a stanchion . milking 

5. Discuss the problem of feeding concentrates to cows m 

6. mat are the factors which determine whether a particular 

piece of labor-saving equipment will be economically 

given dairy herd? 

Chapter 12 

1. mat are the objectives and functions of the purebred dairy 

2. Sfsm^'the services provided a purebred breeder by the breed asso- 

3. Describe the characteristics of one of the '"“i" ^“‘^;,““„se^nlness 

including background, appearance of the of 

for beef, name and location of the breed organization, and name 

4. ‘“hro“ available for merchandising purebred dairy 

5. mat factors would you include in choosing a breed of dairy cattle 
for your herd? 

Chapter 13 

1. Discuss the procedures necessary to produce 

2. DisCTiss the conditions which arc important in determin g P 
timum size of a dnir>- herd for a given operation. 

3. Wliat can be done to control undesirable odors and fla 
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2 Ho\\ are inherited characteristics transmitted from parents to off 
spnng? 

3 Describe how milk production m dairy cattle is thought to be in- 
herited 

4 \VTiat IS repeatahihty as used m animal breedmg^ ^Vhat is its useful 
ness m selecting cattle for breeding^ 

5 ^Vhat IS hentability? What is its usefulness m selectmg cattle for 
breeding^ 

6 Discuss the causes of differences between the levels of production 
m dairy herds 

7 List and discuss characteristics of economic importance which are 
inherited to a significant degree 

8 Discuss the inheritance of undesirable characteristics and their ito 
portance m selecbon. 

9 Discuss the obtaining and evaluation of information on the progeny 
of a bull 

10 Discuss the factors which are of importance in evaluating a pedigree 
when choosing dairy animal for breeding purposes 

11 Why IS a knowledge of stablemate average or contemporary herd 
average important m evaluating the performance of dairy cows® 

12. Discuss the use of indexes m evaluating bulls 

13 Discuss the use of breeding systems for dairy cattle which involve 
mating animals more closely related than the average 

14 Discuss the use of breeding systems for dauy cattle which involve 
mating animals less closely related than the average 

15 Describe how you would organize a breeding and selection program 
in a dairy herd under your management 

16 Describe a program for selecting young bulls for artificial insemina- 
tion 


Chapter 10 

1 What IS involved in a good program of disease prevention with dairy 
cattle® 

2 How do the federal and slate governments participate m eradication 
programs for certam diseases® 

3 Discuss the cause, symptoms, prevention, and treatment of mastitis 
( Any other disease may be substituted for mastitis m this question ) 

4 Discuss the problem of poisonous plants for dairy cattle 

5 \Miat mineral elements are poisonous to dairy cattle, and what pre 
cautions are helpful in prevenlmg trouble with them® 

6 1\Tiat major diseases or disorders of dairy cows are physiological in 
nature® How is each of them treated or prevented® 
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Abomasum, 42, 43 
Acetonemia, 167 
Actinobacillosis, 178 
Actinomycosis, 178 
Advanced registry, 123 
Age conversion factors, 34 
A. I. Digest, 97 

American Guernsey Cattle Club, 212 
American Jersey Cattle Club, 215 
American Milking Shorthorn Society, 217 
American Red Danish Catde Association, 
218 

Antibiotics of calves, 107, 110 
Arsenic poisoning, 170 
Artificial insemination: 
collection of semen, 92 
dilution of semen, 93 
effectiveness, 96 
evaluation of semen, 92 
history, 91 
organization, 96 
preservation of semen, 94, 95 
regulations, 97 
technique, 95 
Ayrshire Breed, 209 
Ayrshire Breeders Association, 209 
Ayrshire Digest, 209 


Bangs disease, 173 
Beding: 

requirements, 204 
storage, 203 

Beef from dairy cattle, 12 
Black leg, 178 
Bladder worms, 182 
Bloat, 163 
Blood ivTiing, 99 
Bomb calorimeter, 46 
Bot brachycopluiius, 208 
Boj /ronfojus, 208 
Boi inciiciM, 203 

Bo* longf/ronr, 208, 209, 212. 215 
Boi primigenius, 203, 209, 213 
Boi typieuJ, 208 
Breeding cattle: 
by age, 85 
by weight. 85 
after calving, 8S 
Breeding systems, 159 
clwe breeding, 159 


Breeding systems (Continued): 
cross breeding, 160 
grading up» 16^ 
inbreeding, 159 
linebreeding, 159 
outbreeding, 159 
outcrossing, 159 
Breeding value, 1^8 
Brown Swiss Breed, 209 
Brottn Sioiss Bulletin, 211 
Lown Swiss Cattle Breeders Association. 

211 

Brucellosis, 82, 173 
Bulbo-urethral gland, 79 

Bull indexes, 152 

daughters average, 15-4 
equal parent, 152 
regression, 153 
Bull proofs, 148 

artificial breeding, Ho 
contemporary average, 151 
yearly average, 151 
Bulls: 

rate of use, oo, 9-4 
housing, 88 
feeding, 88 
Butter, 239 

Butter fat production, 24 


i^alf starter, 100, 105 
lalories, 47 
small calorics, 47 
llaivcs: 

dehorning, 112 
feeding, 101 
growth standards, 108 

housing, 101, 109, 193 

identification, HI 
pneumonia. 111 

scours, 109 

vaccinating. 113, 173, 178 
Calving: 

symptoms of, 80 
care during, 86 
Cell division, 140 
Cervix, 70 
Cheese, 239 

138. 139 
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4. are the federal regulations in regard to residues of feed addi* 

tives, chemicals, or medicines in milk? 

5 Discuss the relative merits of different methods of providing forage 
to the dairy herd during the summer months. 

6. Outline a system of accounting for the costs involved in operating a 
dairy herd, and the income from it, so that an accurate financial pic- 
ture is available. 

7. Outline a set of reasonable goals of labor efficiency and production 
levels for a profitable milk-producing operation. 

8. What is the potential for intensively operated dairy herds which de- 
pend on sources outside their own organization for feed and other 
services? 

Chapter 14 

1. What characteristics of milk create marketing problems which differ 
from those of most agricultural products? 

2. Describe the properties of the major products made from Ttiilk. 

3. Discuss the bargaining strength of the individual milk producer to 
establishing a price and conditions of sale for his product 

4. Describe classified pricing of milk. 

5. Outline the services which are performed by most miBc marketing 
cooperatives. 

6. ^Vhy is some surplus milk needed at all times in a fluid market? 

7. What difficolties arise when the Class 1 price charged by a milk- 
marketing co-operative is considerably higher than the blend price? 

8- What are the limitations on legislation by states in controlling the 
marketing of mflk in a given area’ 

9. %Vhat changes have taken place in the relative value of skim milk 
and milk fat? Why? 

10. "What are the purposes and functions of Federal Milk Marketing 
Orders? 

11. By what mechanisms are Federal Milk Marketing Orders established 
or removed in a given market area’ 

12. Discuss the services performed by a milk-markeling co-operative 
which are important in a market coi-ered by a Federal Milk Market- 
ing Order. 
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Index 


Feed {Continued); 

effect on reproduction, 88 
efficiency, 146 
requirements, 48, 102 
storage, 203 
Fertility, 74 
inheritance, 146 
Fertilization, 75 
Flies, 183 
heel, 183 
warble, 183 
Fluid milk, 237 
marketing, 241 
to consumers, 238 
Fluorine toxicity, 170 
Fly control, 184 
Follicle, ovarian, 75 

Follicle stimulating hormone (FSH), 77 
Foot and mouth disease, 179 
Foot rot, 177 
Forages, 55 
composition, 56 
feeding, 230 
green chopping, 232 
grazing, 231 
preserved, 232 
soiling, 232 
Fteemartin, 81 

Genes, 138, 139 
dominance, 142 
heterozygous, 142 
homozygous, 142 
interaction, 142 
recessiveness, 142 
Genotype, 142 
Gestation, 86 

effect on milk production, 39 
Grass tetany, 167 
Green chop, 64 
Grubs, 183 
Guernsey Breed, 211 
Guernsey Breeder’s Joiirnal, 212 
Guernsey Island, 212 


Hardware disease, 169 
Hay, 64, 106 
composition, 56 
storage, 203 

Health regulations, 185, 223, 224, 244 
Heat: 


delecting, 85 
in cattle, 76 
silent, 82 


Heifers: 
cost, 112 


Heifers (Continued)-. 
breeding, 85 
feeding, 101 
growth, 108 
housing, 190, 195 
raising, as a business 234 
Herd improvement registry (HIR), 

Herd management: 

costs, 229 
labor, 226 
market, 227 
optimum size, 225 
physical facilities, 225 
production level, 227 
Heritability (h), 144 
of fat percentage, 145 
of fat production, 145 
of feed efficiency, 146 
of fertility, 146 
of milk production, 145 
of type, 144, 156 

Hermaphroditism, 81 

Heterosis, 160 

HolS-FrieslanAssodalion of America, 

214 

Holstein-Frieslan Breed. 213 
Hotoeln-Frieslon World, 215 
Hormones: 

ACTH, 167 
cortisone, 167 
epinephrine, 26 

estrogen, 25, 76 /treut 77 

follicle stimulating hormone (FSHJ. n 

lactogen, 25 /TH^ 77 

lulenizing hormone (LH;, n 

progesterone, 25, 76 
oxytocin, 26 
Housing: 

of calves, 193, 196 
costs, 197 

of heifers, 193, 196 
loose, 186 

milking herd. 181' 1®® 
stanchion bams, 185 
Hybrid vigor, 160 


Indexes: 

daughter average, lai 
equal parent, 152 
regression, 152 
Inheritance of: 
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Cream, 238 
Cryptorchidism, 8l 
Cud inoculations, 108 
Culling standards, 159 


IDaiiy Herd Improvement Assocution 
^DRIA^, U8 
bull proofs, 148 

Dairy Herd Improvement Registry 
(DKIR), 124 
Dairy products 
clmactenstics, 238 
marketing. 242 
sew, 11 

nutrient content, 11 
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